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Foreword 


A Conference on Irrigated Soybean Production in Arid and Semi-Arid Regions was held in 
Cairo, Egypt, from August 31 to September 6, 1979. The conference was sponsored by the 
Egyptian Ministry of Agriculture, Menoufeia University, and the International. Soybean Pro- 
gram (INTSOY). he Food and Agriculture Organization of the United Nations and the United 
States Agency for International Development collaborated and provided financial support. The 
objectives of the conference were to review the latest research results on the production 
of soybeans under furrow and flood irrigation, to identify problems, and to propose needed 
research. 

This was the fifth conference cosponsored by INTSOY to bring soybean workers together 
to review the available soybean information and identify research and technology transfer 
needs. Three regional conferences were held in Puerto Rico, Ethiopia, and Thailand to re- 
view all aspects of soybean production, protection, marketing, and use. These general con- 
ferences and the experiences of growing and using soybeans under a wide range of environments 
showed the need for conferences focusing on particular problems. A workshop on Rust of 
Soybeans--the Problem and Research Needs was held in Manila, the Philippines, in early 1977. 
The proceedings of this workshop are published as Number 20 in the INTSOY Publications Series. 
The sponsors of the Conference on Irrigated Soybean Production in Arid and Semi-Arid Regions 
are pleased to add these proceedings to the INTSOY Series. The proceedings of a third spe- 
cialized conference, Soybean Seed Quality and Stand Establishment, held in Colombo, Sri Lanka, 
will follow. 

The expanding world population and rising income levels have resulted inan increased demand 
for protein and edible oils. Soybeans have proved to be an excellent food and feed source 
and the expansion of production, particularly under rain-fed conditions in temperate areas, 
has been rapid. The area in soybeans under flood and furrow irrigation has been increasing 
in arid and semi-arid regions throughout the world. Pressures to increase food production 
and the adaptation of soybeans to a wider range of environments are providing research data 
and farmer experience in growing the crop under irrigation. However, before the conference 
reported on in these proceedings, the research information was fragmentary and scattered and 
an assessment of research needs on an international scale had not been made. The conference 
sponsors and collaborators hope that the conference and proceedings will be a large step in 
meeting the need for a compilation of research results and the need for future information. 

Productive international conferences require the efforts of many organizations and in- 
dividuals. The sponsors wish to express their appreciation to all who combined their re- 
sources in such a cooperative and cordial manner to make this conference a success. The 
conference would not have been possible without financial and other support from the Food 
and Agriculture Organization of the United Nations and the United States Agency for Inter- 
national Development. A long list of organizations and individuals in Egypt supported the 
conference. The Organizing Committee was so important in setting the framework of the pro- 
gram and planning and conducting the conference that each member should be named and thanked: 
Mr. Saad Hagrass, Chairman, Ministry of Agriculture, Egypt; Dr. H.A. Al-Jibouri, Food and 
Agriculture Organization, Rome; Dr. Abdel Aziz, Agricultural Research Center, Ministry of 
Agriculture, Egypt; Dr. M.M. Dessouki, Ministry of Agriculture, Foreign Agricultural Rela- 
tions Department, Egypt; Mr. Raafat Eskander, Secretary, Soybean Council of Egypt; Dr. William 
H. Judy, International Soybean Program (INTSOY); Dr. John Rogers, U.S. Agency for Interna- 
tional Development, Cairo; and Dr. M.N. Shatla, Menoufeia University. 

The Program Advisory Committee made many recommendations on program format, topics, and 
speakers. Mr. M.M. Dessouki ably chaired the Local Arrangements Committee and enlisted the 
assistance of many of his associates. Dr. M.N. Shatla chaired the Field Tour Committee and, 
with his colleagues, was a most gracious host when we visited Menoufeia University. 


The conference participants who prepared papers and engaged in the discussions were the 
main contributors to these proceedings and deserve special thanks. Dr. William H. Judy, 
INTSOY, served as Conference Coordinator, chaired the Program Advisory Committee, and served 
on the Organizing Committee. He was involved in every aspect of the conference from suggest- 
ing the theme to the preparation for publication of these proceedings. Dr. Joseph A. Jackobs 
chaired the Abstracts and Manuscripts Committee, and served with Dr. Judy as co-editor of 
these proceedings. The conference sponsors express their special gratitude to Dr. Judy and 
Dr. Jackobs for their many contributions to the success of the conference. 

INTSOY takes pride in sponsoring this conference with the Egyptian Ministry of Agricul- 
ture and Menoufeia University and in publishing and distributing these proceedings. We look 
forward to continued cooperation with national and international organizations in expanding: 
the use of soybeans. 


William N. Thompson 
INTSOY Director 
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Opening Address 


M.M. DAWOOD 
MINISTER OF AGRICULTURE, CAIRO 


IT 1S A GREAT PRIVILEGE TO WELCOME you 
to this conference and to have the pleasure 
of addressing you about our mutual inter- 
est in soybean production under irrigation. 

The national agricultural policy of 
Egypt has been formulated to provide maxi- 
mum food security within the limited agri- 
cultural land and the prevailing cropping 
rotation. Thus, one of the main goals of 
the policy is to create expanded soybean 
acreage in order to cover part of the de- 
Fic1t in edible oil production and to pro- 
vide protein meal for our growing poultry 
industry. 

The response of our farmers to the call 
to grow more soybeans in the last few years 
anc »theirt success in recording high levels 
of production per unit have been remarkable, 
and their accomplishments are unprecedented 
anywhere. The land in soybean production 
has jumped from about 1,700 hectares at an 
average of 0.8 ton per hectare in 1974 to 
around 34,500 hectares at an average of 2.3 
tons per hectare in 1978. With a produc- 
tion total of 79,000 tons of soybean seed 
in 1978, Egypt has become self-sufficient in 
terms of the protein meal required for our 
poultry industry. 

Although soybeans have been introduced 
aoea commercial crop only recently, research 
onthe crop has been going on for a long time. 
Efforts have been exerted to evaluate a big 
collection of introductions in different 
ecological zones of the country before re- 
leasing the current adapted varieties to 
farmers. The production of certified seed 
to cover the total annual acreage in soy- 
beans was started in order to save the hard 
currency spent on importing seed every year. 
Parallel to this, studies have been con- 
ducted to establish the optimum agronomic 
practices for promising varieties to help 
realize their high yield potential in com- 


mercial production. A local nodule-producing 


bacteria inoculum which proved to be suc- 
cessful is being produced and tried on a 
large scale in farmers' fields. We hope to 
use locally produced inoculum to replace the 
yearly importation of inoculum. This would 
save the expense of using costly nitrogen 


fertilizers. Efficient pest-control measures 
are being recommended to farmers after thor- 
ough investigations. 

Communicating information about soybeans 
to producers in the rural areas has been 
done through demonstration field plots, ex- 
tension campaigns, radio and television, 
as well as agricultural journals and bul- 
letins: Subsidized inputs of production 
such as seed, fertilizers, inoculum, and 
insecticides have been given to farmers on 
credit through cooperatives. 

The achievements of our research sci- 
entists, extension officers, and all those 
who have planned and executed the policy of 
soybean introduction in Egyptian agricul- 
tureswiil notyoe forzotten] wHowever, the 
challenge ahead 15 still yreat.. Severa. 
channels could be used to further develop 
soybean production in Egypt. 


is) ine tarmersion thescldsiandmin, the Nile 
Valley and Delta should be encouraged 
to adopt appropriate production tech- 
nology to fill the wide gap between the 
potential and the actual farm yields of 
thevcrop.) | ror thiss they, wilt needs vo 
be given the means and the required im- 
puts. 


2. The new land prepared for agricultural 
production is our national breakthrough 
to a substantially greater acreage in 
oil crops. Investigations should be 
carried out to answer several questions 
relating to soil problems, water manage- 
ment, adapted varieties, as well as 
cultural practices, mechanization, labor 
availability, and marketing. 


3. Work concerning the utilization and 
processing of soybean protein as human 
food should be undertaken to cover, 
even partially, the local needs for 
animal proteins which are costly and in 
short supply in relation to the growing 
demands of our people. 


In general, the features and conditions of 
irrigated soybean production are consider- 
ably different from those in rain-fed areas. 


Therein lies the importance and signifi- 
cance of this gathering, reviewing the pre- 
sent production situation and exploring the 
possibilities for further crop development. 
I trust that the exchange of information and 
ideas between the scientists assembled here 
will add much to our knowledge and will en- 
hance the capabilities of reseatehers te 
tackle efficiently the problems of iscypean 
production in our region. 


We gratefully acknowledge the assist- 
ance and contributions of the University of 
Illinois and the staff of INTSOY to our na- 
tional achievements in soybean production. 
Also, we hope their help will continuvesin 
the future. The endeavors of the stare 
members from FAO, UNDP, and USAID and all 
those who have organized and attended the 
meetings of this conference are highly ap- 
preciated. 


Comments 


S. HAGRASS 
DEPUTY MINISTER OF AGRICULTURE, CAIRO 


ON BEHALF OF THE SOYBEAN COUNCIL AND MYSELF, 
it. is a. pleasure to, welcome the respected 
delegates and distinguished speakers to this 
conference on irrigated soybean production 
and to thank them for their participation. 
The subject of the,conterenceyis. of vital 
importance to Egyptian agriculture, which 
has included soybeans only recently. 

Until the early 1950's, cotton seed 
production has) been sufficient to cover the 
major requirements, for, our edable oil end 
protein meal... At present. the annual pro- 
duction of processed cotton seed at 700,000 
tons yields 100,000 tons of edible oil and 
500,000 tons of protein meal. - Both amounts 
represent only a fourth of our local require- 
ments. 

The deficit in both commodities is 
covered through imports. The supply of 
edible oils in the international market “is 
unstable. The result could be a substantial 
decrease in the supply and a consequent rise 
im prices. 

It would be difficult to cover our local 
needs in a time of crisis. iIm)-additzon, the 
deficit in the production of cotton seed meal 
has had an adverse effect onthe livestock 
and poultry industry in Egypt, resulting in 
reduced supplies and high prices for meat. 

Thus, soybeans as a dual-purpose crop 
were introduced in the crop rotation. In 
1972, the Egyptian Soybean Council was estab- 
lished, embracing all authorities concerned 
with production, marketing, processing, and 
research. The council was assigned the 
responsibility of drawing up the national 
policy for soybean development and enhanc- 
ing studies and research programs that would 
increase production. 

In this regard, the prices of fertilizers 
and costs of pest-control measures have 
been subsidized. Farmers have been able to 
market their crop at a high price, enabling 
them to get a satisfactory net return. The 
council has supported a project to produce 


certified seeds for use on 40,000 hectares 
annually, with the intention of ceasing 
seed importation by 1980. Research to de- 
velop, produce, and distribute Rhtzobtum 
inoculant has also been supported. Success- 
ful and consistent nodule production in 
farmers' fields from local inoculant will 
save the costs of importing inoculant and 
nitrogen fertilizers. ‘Currently these 
costs are heavy, resulting in additional 
production costs. The extension service 
has also been strengthened to communicate 
to farmers recommendations about soybean 
production based on research results. 

The soybean acreage in the 1979 season 
has already amounted to 40,000 hectares. 
Even so, soybean production is still far 
below our requirements for edible oil. 

On the other hand, the current needs Of the 
animal feed industry will be almost satis- 
fied at the present level of soybeangpra- 
duction. In a few years, though, the pro- 
jected expansion in soybean acreage will 
create a surplus of protein meal, particu- 
larly if the increase in animal feed con— 
sumption does not match the expansion in 
soybean acreage. 

We should address ourselves from now on 
to the question of how to meet such situa- 
tions in Egypt where animal-protein products 
are costly and undernourishment is a press- 
ing problem. Utilizing soybeans in home 
recipes should be popularized, as whole seed, 
dehulled or processed separately, or in 
mixtures with other foods such as meat and 
flour. Large-scale, advanced technology 
in manufacturing low-cost protein products 
for human consumption should be sought and 
introduced without delay. 

Through collaboration between concerned 
authorities at the national and international 
levels, efforts concerning the production 
and utilization of soybeans can yield fruit- 
ful results. I-wish you all” success in the 
Vital deliberations at this Conirerence. 


Welcome to the Conference 


W.N. THOMPSON 
DIRECTOR, INTSOY, UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 


ON BEHALF OF THE INTERNATIONAL SOYBEAN PRO- 
GRAM (INTSOY), it is my distinct pleasure 

to welcome you to the Conference on Irri- 
gated Soybean Production in Arid and Semi- 
Arid Regions. INTSOY is privileged to be 

a joint sponsor of the conference along 

with the Ministry of Agriculture of the Arab 
Republic of Egypt and Menoufeia University. 

The subject of the conference is an im- 
portant one. Soybeans have become the 
dominant world crop in terms of producing 
vegetable oil and protein for animal and 
human use. Most soybeans are produced under 
rain-fed conditions. However, significant 
production of soybeans is also taking place 
under irrigated conditions, supported by 
associated research and development efforts. 
With the increasing demand for vegetable oil 
and protein, it seems clear that there will 
be a rising interest in producing soybeans 
under irrigation, usually in combination 
Mien Other Crops, . Therefore, this confer- 
ence was organized to review the latest re- 
search results on soybean production under 
furrow and flood irrigation and to identify 
problems and research needs. 

Ae che OUtSetwur tic conference, appre- 
ciation and thanks should be expressed to 
Many organizations and individuals. The 
Food and Agriculture Organization of the 
United Nations (FAO) and United States Agency 
for International Development (USAID) pro- 
vided financial support that made it pos- 
sible for many participants to attend the 
Gonterence and to défray other costs. Re- 
presentatives from FAO and USAID also pro- 
vided ideas and assistance to the Organiz- 
ing Committee. Members of the Organizing 


Committee and Program Advisory Committee have 
been at work for many months and their work 
will continue through the conference and in 
publishing the proceedings. Appreciation 
should be extended to the American Soybean 
Association Regional Office in Madrid and 

to the Office of the Agricultural Attaché 

at the American Embassy in Cairo for the re- 
ception that provided the opportunity for 
conference participants to become better 
acquainted. I express the appreciation of 
the entire group, as well as my personal 
thanks, to Mr. Ed Quinones of the American 
Soybean Association and Dr. James Ross, the 
U.S. Agricultural Attaché to Egypt. With due 
recognition to the organizations and individ- 
uals just mentioned, the greatest expression 
of appreciation should be extended to the 
conference participants, most of whom prepared 
papers or country reports and are taking 

time from important responsibilities to 
participate in a conference that will bene- 
fit many organizations and individuals, in- 
cluding the producers and consumers of soy- 
bean products. 

I want my welcome to be a warm one. In 
closing let me emphasize that this is a working 
conference. Its success will depend toa 
considerable extent on active participation 
during the conference sessions as well as 
in the informal discussions that occur dur- 
ing the breaks, at the hotel, and as we travel 
to and from Menoufeia University. I am con- 
fident that this conference will contribute 
to the INTSOY mission, which is to foster a 
network of cooperating organizations and in- 
dividuals interested in exploiting the po- 
tential of the soybean as a source of food. 


Statement on Behalf of FAO/UN 


R. AL-GHOMIENY 
DEPUTY REGIONAL REPRESENTATIVE, FAO/UN, CAIRO 


IT IS A MATTER OF PRIDE FOR FAO TO COLLA- 
BORATE with the University of Menoufeia, 

the International Soybean Program (INTSOY), 
and the U.S. Agency for International Devel- 
opment (USAID) in the organization and pre- 
sentation of this Conference on Irrigated 
Soybean Production. I am pleased to welcome 
you all on behalf of the Director-General. 
We are particularly grateful that the plan 
to hold such a conference has now been im- 
plemented successfully. 


As a crop, soybeans are of special so- 
cial and economic significance because they 
provide food, high-quality protein, vege- 
table oil, calories, feed, and raw material 
for agro-allied village industries. Soy- 
bean cultivation is steadily expanding, not 
only in the temperate regions but also to 
the subtropical and tropical regions. 

This conference, though, is not like 
other meetings related to the improvement 
of already established crops. It is to deal 


with a comparatively new crop of great fu- 
ture importance, and the prospects for soy- 
bean production under irrigated conditions 
are great. Technologies on irrigated soybean 
production have hardly been explored, and 
the potential in irrigated areas has not 

yet been fully exploited. Basic and applied 
reséarch with respect to variety development 
through breeding, cultural practices, water 
use and management, soil fertility, soil 
salinity, crop protection, mechanization, 
cropping patterns, -farming systems, process- 
ing, and utilization for food and feed have 
to be wndertaken for the Ssuccesstul produc- 
tion of soybeans under irrigation. 

I am delighted to see many scientists 
here trom different continents, ihe papers 
to be presented and discussed during this 
meeting will help to identify the main con- 
straints and developing strategies for in- 
creasing soybean production on both short- 
and long-term bases. 

Please allow me this opportunity to 
acquaint you briefly with the soybean situa- 
tion ian.the countries of the Near East Region 
in order to have your expert yadvice, during 
the: conference. This regiowesurters strom 
an -acute shortage of edible oils, neéces- 
sitating large imports (including soybean 


oil) that cost millions or dollars “every 
year. The countriessim the: region are, very 
anxious to solve this problem. The suc- 


cessful introduction and commercial pro- 
duction of soybeans can partly help over- 
come the shortage of -ediblevoi le) As a re 
sult of efforts an) this region, soybean, cul— 
tivation has been taken up on a large scale 
in Iran, Egypt, and Pakistan. A good prom- 
ise for this exists in other countries, 

such as Iraq, Syria, Afghanistan, and 
Maghreb, 

The Food and Agriculture Organization 
of the United Nations has been assisting 
countries through the Regional Project on 
Field Food Crops by: (1) supplying varietal 
testing trials (in collaboration with INTSOY) 
and large quantities of seeds of adentified 
varieties for extensive testing and early 
seed increase; (2) initiating» cooperative 
agronomic studies on cultural practices 
(plant population density, rates and dates 
of seeding, and the like); (3) providing 


training for local sciéntists in’ thevegroa. 
omy of soybean production at the University 
of Illinois; and (4) supporting the atten- 
dance of selected scientists at soybean 
meetings and seminars. 

However, some constraints are holding 
back the large-scale production of soybeans. 
These relate to the availability of high- 
yielding varieties, arrangements for the 
production and storage of quality seeds, a . 
lack of production know-how by farmers, as | 
well as the lack of inputs, assured markets, 
and utilization facilities. Without the 
solution of these problems, soybean produc- 
tion will never take off, although it holds 
a bright future. I am confident that as 
distinguished scientists from soybean-growing 
countries, you will help us develop viable 
and practical programs to ensure success 
with soybean production in the Near East. 

I anticipate that the conference; well 
come up with practical recommendations for 
the initiation of research programs on soy- 
bean improvement and on production under ir- 
rigation on a cooperative basis involving 
national, regional, and international in- 
stitutes and centers. The Food and Agri- 
culture Organization will cooperate with and 
will help governments implement the recom- 
mendations to the extent that resources per- 
mit. The services of PAO's Séeq Exchange 
Laboratory are available to interested re- 
searchers, and our training program for the 
development of research manpower at all 
levels is open to technicians. If desired, 
FAO might also help identify and formulate 
projects suited to international funding— 
apart from providing short-term consultants, 
holding meetings, seminars, and workshops, 
and providing technical information through 
our documentation and dissemination system 
which is open to all member governments and 
institutes: 

I hope our joint efforts will resultein 
the evolution of viable programs for the 
development and expanded production of soy- 
beans, particularly for those countries where 
this: crop: has’ a. great«futures I amesure 
that all of the participants will takewan 
active part in the deliberations and will 
make the meeting successful and productive. 
I wish you every success. 


Conference Papers 


Introduction, Promotion, and Production 
of Soybeans as an Irrigated Crop 


P.F. KNOWLES 


ABSTRACT: Many factors influence the successful introduction and establishment 
of a new crop such as soybeans, including the market, the biology of the plant, 
and development programs. The market factors that favor the establishment of 
soybeans include: a market for the oil, a good market for the meal, the avail- 
ability of appropriate processing facilities, and a guaranteed market and price 
that will attract the interest of farmers. Favorable biological factors include: 
a broad-based research program covering all aspects of establishing the crop, the 
availability of suitable cultivars, the development and use of successful produc- 
tion practices and field demonstrations, the accurate identification of crop pests 
and the development of suitable control measures, and the genetic modification of 
she oil or meal, if necessary. These developmental factors would have a favorable 
effect on new-crop development: the availability of suitable land and of appro- 
priate machinery for planting and harvesting; the provision of high-quality seed, 
a market, a Suitable price, receiving and grading facilities, as well as storage, 
transportation, and agronomic services by the agency or company that is developing 
the crop; close cooperation between researchers, extension personnel, and admini- 
strators and the company or agency that is promoting the crop; and demonstrations 
on farms in the area showing the successful production of the crop. 


THE LEADING CROP grown for oil and protein areas that depend on irrigation. These fac- 


meal is soybeans. Since this has been true 
for several years, one might think that all 
the major production problems have been 
solved, and that soybean production should 
be possible easily within the economy of 
most countries with a temperate climate. 
Unfortunately, this is not the case. 

Many countries and regions have tried 
hard to produce soybeans with limited re- 
Suds.) AMONG these are India,. Pakistan, 
the Middle East, North Africa, Australia, 
and California. Irrigation is used in many 
or these places. 

In this paper, I will identify the 
faetors that anfluence the successful, com- 
mercial development of any oilseed crop 
having had experience both with the intro- 
duction of the safflower plant to California 
[Knowles, 1960] and with evaluations in 
California of sunflowers, rapeseed, and 
soybeans [Beard and Knowles, 1973]. As much 
as possible, I will focus my remarks on 
soybeans. 

Three factors influence the introduc- 
tion of soybeans to new areas, particularly 


tors are the market, the biology of the 
plant, and the developmental programs asso- 
ciated with introducing soybeans. Each fac- 
tor will be discussed. 


MARKET FACTORS 


The market is not a problem in growing 
soybeans. In spite of the rapidly expanding 
area of production, both in the United States 
and Brazil, the market is not yet saturated. 
However, some features of the market can be 
examined. 


The Need for Vegetable Oils 


Many developing countries, including 
India, Pakistan, Iran, Iraq, and Egypt, 
have an increasing need for vegetable oils 
because of an expanding population, higher 
per capita consumption, and a decline in 
the availability of animal fats. Because 
of increasing prices for imported vegetable 
oils, all of the above countries have oil- 
seed development programs. In such 
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developmental programs the soybean may not 
have a high priority because of its low 
oil content. 


A Market for the Meal 


Most developed nations and some devel- 
oping nations have a well-developed market 


for soybean meal, making the oil a byproduct. 


The high level of good-quality protein in 
the meal makes it useful in animal rations 
and human foods. Unfortunately, however, 
some developing nations do not have a well- 
developed market for soybean meal. This 
fact has restricted the commercial develop- 
ment of the crop. 


Appropriate Processing Facilities 


Because soybeans have a low oil con- 
tent, solvent oil extraction is needed, a- 
lone or in combination with expeller ex- 
traction. Interest in soybeans was higher 
in California five years ago when cotton- 
seed processing equipment was running at 
about 75 percent of full capacity. Now, 
with insufficient processing facilities to 
handle the seed from an expanded cotton 
crop, commercial interest in soybeans has 
declined. 


A Guaranteed Market and Price 


Commercial soybean production in Cali- 
fornia has usually involved a written con- 
tract between the farmer and a commercial 
company that guarantees both a market and 
a price at harvest. The same situation is 
likely in other areas where soybeans are a 
new crop. In some countries, an agency 
of the government will offer the contracts. 
There is often pressure on governmental 
agencies to offer minimum prices for o0il- 
seeds because of consumer resistance to 
the higher prices of vegetable oils. Where 
oilseed prices are low in relation to com- 
peting crops, the result is’ obvious: = the 
oilseéd crop is not grown, 


BIOLOGICAL FACTORS 


The soybean is a remarkable plant. A 
legume, it enjoys a good symbiotic relation- 
ship with a strain of the bacteria Rhizobium. 
Cultivars vary greatly in their responses 
to the photoperiod. Some cultivars have 
been reported to be day-length insensitive. 
The cultivars range from determinate to 
indeterminate. The following factors are of 
particular importance in soybean development. 


A Broad-Based Research Program 


When introducing any crop to a new 
area, research should identify or develop 
the ideal combination of genotype and en- 
vironment. In California, in spite of a 
great deal of research on soybeans during 
the 1960's [Beard and Knowles, 1973], the 
crop did not become established. With the 
availability of better cultivars and the 
adoption of soybeans in double-cropping 
systems in the late 1970's, soybeans looked 
more promising [McClellan, 1979; Worker, 
1979]. When introduced to an agriculture 
that depends on irrigation, soybeans will 
require research programs that blend the 
talents of researchers in several disci- 
plines. Some aspects of such a program are 
outlined below and will be discussed in de- 
tail in other papers in the proceedings. 


- 


Availability of Suitable Cultivars 
® 

There is a great need for cultivars 
adapted to arid areas dependent on irriga- 
tion. The need exists a@ all Vactetuges 
where soybeans will grow. Most culti- 
vars being tested in many countries of 
the world are products of American breed- 
ing programs. With the recent expansion 
of breeding programs by seed companies to 
include soybeans, very large numbers of 
new cultivars are likely to be available 
for testing. However, most of the culti- 
vars available now and in the near fu- 
ture will be bred for the areas where 
soybeans are already being grown. 


Production Practices 


Production practices will be dealt 
with in’ detail in other papers.” Herejeae 
is sufficient to say that under irrigation 
there are usually several competing crops, 
many of them providing a higher gross in- 
come than soybeans. This situation re- 
quires efforts to fit soybeans into cropping 
systems where production costs will be re- 
duced or where soybeans are sown with a com- 
panion crop, such as maize. A critical 
stage in soybean production is the harvest: 
first, because some cultivars may shatter; 
and, second, because the seeds are injured 
easily during threshing. Reduced germina- 
tion, a consequence of improper threshing, 
has been a factor adversely affecting the 
commercial development of soybeans in India 
and Pakistan. 


Pest Identification and Control 


Mites (Tetranychus species) are major 
pests of soybeans in California [St. Andre, 
1979]. These mites are usually abundant 
where relative humidities are low. The con- 
trol of those pests, either through resistant 
cultivars or effective miticides, is essen- 
tial for the large-scale production of soy- 
beans in California. The mites are likely 
to be a probleminmany areas with a Mediter- 
ranean climate, at least where mites affect 
other crops. The black thrip, Caltothrips 
phaseolt, isa serious pest in northwestern 
Mexico [Solario, Bernal, Salvidar, Martinez, 
Lopez, and Garcia, 1978]. Diseases have not 
yet been serious problems in arid climates 
Crmeceii forma. 


Genetic Modification of the Oi] and Meal 


The commercial development of two crops, 
rapeseed and safflower, have been influenced 
favorably by the development of cultivars 
with a changed 011 quality. In both cases, 
the cultivars with a changed oil quality 
serve as new 0il crops. Soybean oil would 
be greatly improved for most purposes by the 
elimination of linolenic acid; and for some 
purposes, by increasing the amount of oleic 
acid, and reducing fhat of linoleic acid. 
Changes in fatty-acid composition of soybean 
O11 over themext five years are not likely 
to have an impact on soybean oil use. 

Reducing the hull thickness of the saf- 
flower seed raised its content of both oil 
and protein; also, the protein content of 
the meal was increased. Changes in the 
thickness of the seed coat of soybeans are 
not likely to appreciably change either the 
0il or the protein content. However, in- 
creases in the protein content will lead to 
Teductions in> the oil content. 


DEVELOPMENTAL FACTORS 


Often, new crop development fails not 
so much for the lack of a market or because 
the crop performs poorly, but because it 
has been difficult or impossible to put 
together an effective developmental program. 
As a consequence, some areas continue to be 
short of soybean oil, even though research 
results indicate that successful production 
is possible. Soybeans are not likely to 
develop as a crop in an area without a de- 
velopmental program patterned after success- 
ful ones in other areas. 

In the United States, developmental 
programs are often carried forward by one 
or more commercial companies, many times 
aided by public agencies. In Iran, the 
Oilseed Research and Development Company, 
which is supported by the government, has 


been the developmental agency [Anonymous, 
1969]. Pakistan has under study a develop- 
mental program that will probably be run by 
a government corporation [Working Group, 
5 eal bs 

These are some of the factors that lead 
to success. Each is important, individually 
and in combination with the others. 


Land 


Soybeans developed successfully in the 
U.S. Corm Belt partly because tractors re- 
placed horses and mules, thus eliminating 
the need to devote millions of acres to the 
production of oats. In California, farmers 
are looking for summer crops to grow after 
wheat and barley, the ones grown in the 
winter. In Egypt, soybeans are grown as a 
companion crop with maize. For many areas 
with an irrigated agriculture, soybeans will 
not be strongly competitive in a single-crop 
system, but will fit well into a double-crop 
pattern. 


Machinery 


Where government agencies or companies 
contemplate the culture of soybeans, it 
should not be necessary to spend large a- 
mounts of money for equipment. Because soy- 
beans will adapt to row spacings of 30 to 
90 centimeters, a wide range of planting 
equipment can be used. Soybeans can also 
be drilled, a practice now growing in favor. 
Conventional combines can be adjusted to 
harvest the-beans, Because the seeds are 
fragile, great care must be used in making 
machinery adjustments. 


Services 


When a new crop is introduced, estab- 
lished agencies usually cannot provide all 
of the necessary services. During the ini- 
tial stages of crop development, most farmers 
will need assistance, advice, or both through- 
out the year. Often, too, established 
market channels will not handle a new crop. 

The following services are needed: 

1. Seed of an adapted variety and of good 
quality must be provided before plant- 
ing. Seed procurement must begin well 
before planting time in order to arrange 
for transportation at the lowest cost. 
Where needed, seeds should be treated 
with an insecticide or fungicide by 
the sponsoring agency. In many in- 
stances, cost savings can be achieved 
if the seéd is grown in the country 
where it will be used. However, this 
has often been difficult with soybeans. 
Germination has been low because of 
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excess moisture inthe seed and high tem- 
peratures during storage. Sooner or 
later, an agency or company sponsoring 
new soybean acreage must develop its 
own facilities and an organization that 
will provide good-quality seed of the 
right variety. 

Where specialized equipment is required, 
the agency or company should make it 
available, perhaps on a rental basis. 
If the new crop requires particular fer- 
tilizers, herbicides, or insecticides, 
the sponsoring agency or company should 
provide them. Where special applica- 
tors are needed, they must also be 

made available. With soybeans, inoc- 
ulum will be needed and must be kept 

at temperatures that will retain the 
viability of the Rhizobium. 

Advisory services must be provided by 
the sponsoring agency or company. Such 
services must be within easy reach of 
the farmer, or arrangements should be 
made to contact farmers frequently as 
they grow the new crop. Often, advis- 
ory service is required throughout the 
cropping season. As the farmers learn 
how to grow the new crop, the advisory 
services can be scaled down, but not 
eliminated. In most developing coun- 
tries, the training and experience of 
extension personnel are not adequate to 
provide such service. Also, extension 
personnel are often too busy with reg- 
ulatory duties to add advisory services 
for a new crop. 

Storage facilities should be made 
available in the production area so 

the farmers can dispose of the crop 
easily and quickly. Similarly, trans- 
portation to processing facilities 

must be provided at the time it is re- 
quired. 

Facilities are needed for receiving the 
harvest and arrangements must be made 
for prompt payments to the farmers. 
When the seed is received, dockage 
should be determined and a grade as- 
Signed. 

Close cooperation between researchers, 
extension personnel, and various admin- 
istrators with the company or agency 
promoting the crop is essential. The 
cooperation should begin well before 
the new crop is sown. It may include: 
participating in demonstration plots; 
preparing publications; participating 
in extension-type meetings; and holding 
jOint tours of, new plantings. (Close 
cooperation among researchers, exten- 
sion personnel, and commercial com- 
panies contributed in an important way 
to the successful introduction of the 


safflowerin, California. - The sane 
cooperation prevails in the current 
testing programs for soybeans and 
rapeseed. 


Demonstrations 


Nothing is more convincing to a farmer 
than a demonstration on a farm with similar 
soil types and where familiar equipment is 
used. When safflower was first grown com- °* 
mercially in California, the average per- 
formance was very poor. A few farmers, how- 
ever, achieved very high yields. Many of 
their neighbors were more convinced by the 
few successes than by the many failures. 

The neighbors learned the techniques of suc- 
cess and applied them in succeeding years. 


CONCLUSIONS 


The soybean has enjoyed great success 

in the United States, first. an theslocn 

Belt and then in the southeastern states. 

It seems to be equally successful in Brazil. 

Northwestern Mexico has had marked success 

in growing soybeans under irrigation in a 

double-cropping system with wheat as the 

winter crop [Solario, Bernal, Salvidar, 

Martinez, Lopez, and Garcia, 1978]. In 

many other areas, particularly those with 

a Mediterranean climate, the same success 

has not occurred. As I .seé 1t,) some,otethe 

reasons for such failures gre: 

1. The marketing component of development 
in terms of prices, receiving the har- 
vest, and storage was not properly 
developed. 

2. Research had not identified or developed 
succesSful cultivars, suitable production 
techniques, good pest-control practices, 
and satisfactory inoculation procedures. 

3. Developmental programs left out key in- 
gredients of success, such as providing 
high-quality seed, suitable equipment, 
and appropriate advisory services. 
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Soybean Improvement and Production 
in the Near East and North Africa 


A. HAFIZ 


ABSTRACT : 


In view of shortage of edible oil, soybeans are gaining in impor- 


tance in many countries of the Near East and North Africa. Since 1975, the Re- 
gional Project on Field Food Crops has been helping with variety trials and by 
providing large quantities of seeds and short-term training in agronomy produc- 
tion. Some constraints must be overcome in order to make soybeans a successful 
crop in the region. These constraints are discussed along with some suggestions. 


THE MAIN SOURCE OF VEGETABLE OIL in most of 
the countries of the Near East and North 
Africa is cotton seed, but other oilseed 
crops are gaining in importance because of 
the big-shortage, of edible oils. One such 
crop is’ soybeans. During 1961-1965; the 
only sizable areas of soybeans were grown 
in Cyprus and Turkey. Soybeans were intro- 
duced in other countries during the early 
1970'S, notably IrdneandyEcypts alsaleto 
some extent, in Pakistan, Iraq, Syria, and 
the Maghrab. In Iran, the area covered 
during 1977-78 was more than 70,000 hect- 
ares; in Egypt, 40,000 ha in the 1979 crop 
season. The average yields vary from 1 to 
2.5 tons per hectare, Experiment yields 
have even exceeded 4 tons in some countries. 
Starting in 1975, the Regional Project 
on Field Food Crops has been providing some 
help to interested countries in introducing 
soybeans and expanding the crop area. That 
help consisted of providing variety trials, 
large quantities of seed, and short-term 
production training. 


VARIETY TESTING 


Seeds of promising soybean varieties 
have been provided on a uniform basis 
through INTSOY! for yield performance. 
Later, seeds of differenti maturity types 
suited to each country were supplied. Asa 
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result, some countries identified these 
high-yielding varieties: 
Iran (Clark, Woodworth, Calland, Wil- 
liams). 
Pakistan (Williams, Lee 68, Clark 63, 
Hampton 266A, Cobb, Bossier). 
Egypt (Calland, Clark, Williams). 
Syria (Cutler 71, Williams; Caitane 


PROVIDING LARGE QUANTITIES OF SEED 


Large quantities of seeds of identi- 
fied soybean varieties were provided to 
Pakistan, Egypt, Syria, Afghanistan, Iraq, 
Iran, and the Sudan for extensive testing, 
seed multiplication, and release to farmers. 
This approach greatly helped extend the 
soybean area in some of the countries, which 
later also purchased large quantities of 
seeds on their own. Such help has been very 
useful in accelerating the diffusion not 
only of soybeans, but also of the established 
crops. The member countries very much 
like and support these efforts: 


TRAINING LOCAL SCIENTISTS 


Since soybeans are a new crop in most 
of the countries mentioned here, the local 
scientists are not aware of the large- 
scale production techniques for raising 
soybeans. In order to provide suitable 
training, the Regional Project has, somzerw 
trained four persons at INTSOY in produc- 
tion agronomy for soybeans, one each from 
Egypt and Saudi Arabia and two from Pakistan. 
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More persons with such training are needed. 
Also, the training programs need to be im- 
proved by: (1) introducing training for 
systems of farming built around the soybean 
crop; (2) adding the processing and use of 
soybean oil and soybean feed along with 
soybean consumption in food products (which 
will take a long time before becoming widely 
accepted); and (3) following up with the 
trainees during their post-training period. 
This would be possible because INTSOY is 
already supplying ISVEX2 yield trials to 
many countries in the region. The Regional 
Project is also considering whether to 
subcontract the soybean work to INTSOY for 
an initial period of two years. 


CONSTRAINTS 


As a new crop, soybeans face many limi- 
tations in terms of being introduced and 
extended in the Near East Region. The first 
prerequisite is to find a place for the 
crop because it has to compete with the es- 
tablished ones—particularly cotton, maize, 
sorghum, sugarcane, and some summer food 
legumes as well as forage crops. In order 
to provide a strong base, soybeans must 
have a comparatively greater cash return, 
the appropriate incentive support from the 
government, or both. The technical con- 
straints include the lack of: (1) high- 
Vrerdingwarietics suited to different crop 
zones in the region; (2) suitable programs 
for seed production and distribution; and 
(3) proper production knowledge as well as 
adequate marketing and utilization facili- 
ties. Since some of the technical barriers 
are being overcome through the preliminary 
identification of high-yielding varieties 
of soybeans and a keen interest by the 
governments in introducing and extending 
the cultivation of soybeans, some practical 
programs should be planned to achieve the 
goal. 


SUGGESTIONS 


1. Variety trials should be continued by 
supplying each country with only the 
seeds of the varieties that are likely 
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Experiment. 


to be suited to the prevailing soil and 
climatic conditions. To make the pro- 
gram more effective, it may be desirable 
to collect and collate all possible in- 
formation on the agricultural conditions 
in each country in order to identify 
suitable areas for soybeans and to plan 
the type of work that needs to be car- 
ried out) dn each locality. 

2. Since varietal development, agronomic 
studies, biochemical investigations, and 
the like cannot be undertaken in all in- 
terested countries, two or three well- 
equipped research stations should be 
developed in the region, ones set up to 
study the important groups of ecological 
conditions that will govern the intensive 
programs which then can also serve other 
COunLEi esting they regions 

jae ED ismimperativesteatrainsatsutmicient 
number of local scientists at all levels 
in soybean breeding, production agronomy, 
seed production;: andiutilizgationy® In 
order to diffuse the information gained 
about improved methods, farm demonstra- 
tions and training for farmers will be 
needed. The countries should also be 
helped in preparing production-oriented 
programs covering all essential aspects 
of soybean production and marketing. The 
governments will also need to develop 
proper marketing, storage, and utiliza- 
tiont£achlatiesserthéran, theepublic 
sector: or the private: sector: 

4. Since soybeans will compete with maize, 
a system of inter-cropping should be de- 
veloped to encourage farmers to take up 
the cultivation of the new crop. 

5. Regular, technical backstopping should 
be: provided tinvéach country =? The re- 
search workers, too, will need to have 
routine ways of gaining new scientific 
information through study tours, semi- 
nars and workshops, and various publi- 
cations. 

If well-planned steps are taken, there 
is a big future for soybeans—not only in 
helping meet the requirements for edible oil, 
but also in providing food products and feed 
that asi rich an protein. lm addition, soy= 
beans will help build up the fertility of 
the soil through a diversification of agri- 
culture and because of the special qualities 
of this legume plant. 
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Soybean Cultivar Development for High-Temperature, 
semi-Arid Irrigation Culture 


JE. SPECHT AND C.D. NICKELL 


ABSTRACT: Soybean breeding programs designed to develop cultivars suited to 
irrigation culture in semi-arid and arid regions with high temperatures are simi- 
lar in most respects to those employed for temperate regions with humid and sub- 
humid conditions. Plant introduction, pure-line selection, and mass selection 
can be employed to exploit the natural genetic variability available from indi- 
genous or acquired cultivars in newly established production areas. Exploiting 
the genetic variability created by artificial hybridization can be accomplished 
by pedigree, bulk population, and single-seed descent methods. Backcross methods 
are useful in improving existing cultivars that are deficient in one or a few 
traits but are otherwise superior in performance. Long-term objectives can be 
attained with the use of recurrent selection inintermating populations. Interma- 
ting can be facilitated by genetic male sterility. S}; progeny selection and selfed, 
half-sib family selection may be used to integrate selection schemes, although Sy 
progeny selection may be used to integrate population improvement with cultivar 
development. 

The choice of any breeding procedure is primarily a function of the availabil- 
ity and cost of the resources required and the amount of annual genetic gain de- 
Sired. The latter is directly proportional to the genetic variability available 
and the degree of selection intensity, but is inversely proportional to the number 
of years required for each selection cycle and the size of the standard deviation 
of the total phenotypic variance. 

Many breeding objectives are similar without regard to the environment for 
which the improved cultivar is desired. However, the unique environmental poten- 
tials and restrictions inherent in the high-temperature, irrigated culture of soy- 
beans may necessitate an "“ideotype" quite different from that for soybean culture 
in a temperate, rain-fed climate. The characterization of this ideotype is a cru- 
cial prerequisite for effective selection. A thorough understanding of the pro- 
duction environment and its interaction with the phenotype during all aspects of 
ontogeny iS crucial. The phenotypic features of the soybean ideotype most likely 
to best exploit the potentials of a high-temperature, irrigation culture can be 
determined by both mechanistic and empirical approaches. Some probable character- 
istics of the ideotype include: greater heat resistance (or tolerance); minimal 
tendencies for floral and pod abortion; shorter, possibly determinate plants with 
greater resistance to lodging; and yield responsiveness to irrigations timed to 
coincide with the critical stages in ontogeny. 


ONE OF THE MOST IMPORTANT FUNCTIONS of plant fit specific environments. Selecting @the 
breeding is the development of high-yeilding genotypes possessing the ideal phenotype, 
cultivars adapted to a specific production or ideotype, that permits the best exploi- 
environment —representing newly developing tation of the yield potential of a specific 
agricultural regions, new cultural practices production environment is a major objective 
and management systems, or both. The exis- of most plant-breeding programs. To accom- 
tence of interactions between genotypes and plish this objective, the breeder must 

the environment, often substantial ones, determine, empirically or mechanistically, 
Support the idea of tailoring genotypes to the characteristics and nature of the 


James E. Specht is Assistant Professor of Agronomy, University of Nebraska at Lincoln, USA; 
Cecil D. Nickell is Associate Professor of Agronomy, University of Illinois at Urbana- 
Champaign, USA. 
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ideotype so that appropriate germplasm can 
be selected for manipulation by breeding 
procedures [Green et al., 1972; Specht and 
Williams, 1978]. 

Inherent in this determination is a 
rigorous characterization of the production 
environment for which superior genotypes are 
desired. Such a characterization is neces- 
sary in order to optimize the use of compo- 
nents in the production environment, thus 
allowing the full expression of genetic po- 
tential and the greatest discrimination by 
the breeder among the many genotypes evalu- 
ated. 

The expansion of soybean production 
from semiarid and arid regions, relatively 
intemperate ones, provides a case in point. 
In the arid regions with very low rainfall, 
irrigation becomes a critical component of 
the management system. Coupled with the 
higher temperatures characteristic of such 
areas, irrigation results in a unique pro- 
duction environment that differs substan- 
tially from that found in more temperate, 
rain-fed areas of soybean production. The 
type of irrigation employed (furrow, flood, 
Sprinkler. trickle, /étc:) aswell as the 
magnitude, frequency, and timing according 
to the growth stage of the soybeans may al- 
SO impose unique microenvironmental condi- 
tions foreach system. These considerations 
are crucial ones and should be taken into 
account when developing breeding objectives. 

The primary purpose of this presenta- 
tion is to review breeding procedures for 
soybeans and objectives for developing cul- 
tivars to be used in a high-temperature, 
ierigativon culture... A brief<review of clas- 
Sical and current soybean-breeding metho- 
dology is given first. 


SOYBEAN BREEDING METHODS 


The breeding and selection procedures 
applied to soybeans are typical of those 
used for other self-fertilizing species with 
little or no outcrossing and for which addi- 
tive genetic variance is the most important 
part of the total genetic variance. These 
procedures are described in most textbooks 
on plant breeding [e.g., Allard, 1960] and 
in the reviews and articles about soybean 
genetics and breeding already published 
[Brim and Cockerham, 1961; Johnson and Ber- 
nard, 1963; Hanson et al., 1967; Bernard 
and Weiss, 1973; Brim, 1973; Brim and Stuber, 
1973; Fehr and Ortiz, 1975; Brim, 1976; Singh, 
1976; Cooper, 1976; Fehr, 1976; Kenworthy 
and Brim, 1979]. 

In addition, two conferences on world 
soybean research were held in 1975 and 1979. 
The published proceedings contain sections 
on soybean breeding. The references just 


given should be consulted for further de- 
tails about the procedures covered here in 
bret, 


Plant Introduction 


Basically, this method involves import- 
ing soybean germplasm developed in nearby 
or distant regions into a new agricultural 
area. The acquired germplasm may be gene- 
tically variable, indigenous cultivars from 
agriculturally underdeveloped regions or 
high-yielding, genetically uniform culti- 
vars from well-developed agricultural areas. 


Pure-Line and Mass-Selection Methods 


These are employed to select new culti- 
vars from genetically variable introductions 
or indigenous cultivars [Allard, 1960]. 
Pure-line selection in its simplest form 
consists of) (1) "selecting a: lerge number 
of desirable plants from a diverse popu- 
lation; (2) visually observing the progenies 
during several generations and eliminating 
the obviously unsuitable types; (3) repli- 
cating field trials of the remaining selec- 
tions over several years and in several 
locations in order to evaluate the perform- 
ance ofieachvone an relationeto cach ‘other 
one and with established cultivars; and 
(4) selecting the single best progeny to use 
for increased development and to release as 
a new cultivar. Mass selection, although 
similar, ditfersefrom pure-linersélection 
in that a number of lines, rather than just 
one, are composited to make up the new 
cultivar. 


Selection After Hybridization 


The objective of the planned hybridi- 
zation of two parents is the recombination 
of the desirable genes present in each 
parent into asingle genotype [Allard, 1960]. 
The identification and selection of this 
genotype during the selfing generations sub- 
sequent to hybridization (as homozygosity 
is rapidly approached) is the primary ob- 
jective of the plant breeder. Various pro- 
cedures (e.g., pedigree, bulk, singlé-seed 
descent, and backcrossing) are available to 
the soybean breeder when handling the seg- 
regation generations resulting from hybri- 
dizations® { Brim; > 1973]% 

The pedigree method probably is the 
breeding procedure most widely used with 
soybeans. It consists of selecting the most 
promising plants in the Fp generation. In 
the F3 and Fy, generations, single plants 
are selected again from the resultant pro- 
genies, but with the emphasis on selecting 
plants within superior families. In the Fs, 
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and subsequent generations, when most fami- 
lies are homozygous at most loci, selection 
is practiced almost entirely among families. 
Detailed pedigree records are maintained. 
These are used to eliminate all but one of 
the closely related families with similar 
performance. Preliminary yield trials usual- 
ly begin in the Fe or F7 generation. 

The primary objective is to identify 
the few best families from each cross. The 
most promising strains are then selected 
for a comprehensive final evaluation and are 
replicated at several locations and times in 
order to critically assess agronomic per- 
formance in relation to proven cultivars. 
Strains judged superior in this final eval- 
uation are then increased and released as 
new cultivars. 

The bulk-population method involves the 
bulk generation advance of all the individ- 
uals in each generation, beginning with F» 
and continuing for several generations (usu- 
ally from Fy to. Fz). Ab thestexminationtet 
bulk propagation, individual plant selec- 
tions are made and progenies are evaluated, 
the same as with the pedigree method. 

Although various modifications of the 
pedigree and bulk procedures are used by 
soybean breeders, perhaps the most popular 
one) is’ the: single-seed,; descent procedure, 
which has been outlined by Brim [1966, 1973]. 
The procedure consists of advancing each Fo 
plant in a population to the F3 and subse- 
quent generations by harvesting a single 
seed from each plant in one generation for 
planting in the next generation. When the 
desired level of inbreeding is attained 
(usually in the Fy, or Fs generation), indi- 
vidual plants are selected (each traceable 
to a-different»l> plant) veNext) the: proe 
genies are evaluated in the same fashion as 
with the pedigree and bulk methods. 

Thes»backeross iS a) useful adjunctite 
the other methods in controlling the depree 
of segregation that occurs in a population 
after the initial hybridization of two par- 
ents [Allard, 1960]. Recurrent backcrossing 
may be employed to improve a cultivar that 
is deficient in one or more characteristics 
but is otherwise superior for most other 
characteristics. 

Procedurally, the method consists of 
crossing the relatively superior cultivar 
with a relatively poor genotype that pos- 
sesses a desired characteristic absent in 
the superior (cultivar, pathe Fy of ithis cross 
is then backcrossed to the recurrent superior 
parent. The subsequent backcross progeny is 
then backcrossed again to the recurrent 
parent. This process of backcrossing is re- 
peated several times to recover the original 
characteristics of the recurrent’ parent, at 
the same time transferring the desired trait 
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of the donor parent-to the recurrent) pagcenc. 
Recurrent backcrossing is extremely useful 
in transferring qualitative characteristics 
governed by simple inherited genes (e.g., 
disease resistance and dwarfness) and has 
been used extensively in soybean-breeding 
programs with cultivars that are popular 
among producers. 


Recurrent Selection and Population Improve- 
ment af 


The traditional breeding procedures 
just described are based on selection with- 
in populations derived by the hybridization 
of two homozygous parents. The fixation of 
desirable characters is accomplished by se- 
lection during subsequent selfing or back- 
crossing generations. Additional rounds of 
improvement are accomplished by hybridiza- 
tion and selection in new populations de- 
rived from two-way crosses of lines extracted 
from the previous round of selection. The 
limitations of this procedure are the: (1) 
amount of recombination that can occur, 
which is severely restricted *by thesrapuc 
approach to homozygosity during the selfing 
generations; (2) limited magnitude of genetic 
variability possible within any given two- 
way cross; and (3) effectiveness of selec- 
tion in increasing the frequency of desired 
genes and gene combinations before the ran- 
dom fixation of genes occurs during selfing 
[Bram yeel97 3]. 

Hanson et al. [1967] proposed recurrent 
selection by intermating populations to over- 
come these restrictions. Selection wwii 
populations derived from random matings of 
many parents, followed by intermating of the 
superior individuals and reselection, ad 
infinitum, theoretically should optimize 
genetic variability, maximize recombination, 
and gradually increase the frequency of 
desirable genes and gene combinations in 
the population because of the effects of 
cumulative selection. Others have also 
recognized these advantages [Compton, 1968; 
Brim, 1973;°Fehr and Ortiz, 1975." Penge 
1976; Kenworthy and Brim, 1979]. 

Perhaps the simplest scheme for recur- 
rent selection in soybeans is as S; testing 
procedure involving three generations (in- 
termating, selfing, and testing) in any one 
cycle of recurrent selection. A base popu- 
lation is synthesized by random hand- 
pollinations among many parents and random 
matings for several generations before ini- 
tiating the first cycle of*selections Hy 
brid seed from the last intermating genera- 
tion after population synthesis is harvested 
and planted to produce the Sp plants grown 
in the selfing generation. Individual So 
plants are harvested. The S; progeny are 


evaluated in yield trials for agronomic per- 
formance in the testing generation. Supe- 
rior S; progenies are identified and the 
remnant S; seeds of the So parents of these 
selections are composited in equal amounts 
for planting the intermating generation of 
the second cycle or recurrent selection. 

The primary limitations of using recur- 
rent selection and population improvement 
inesoybeans are the: (1) difficulty in ob- 
taining the large number of crosses required 
for intermating schemes; and (2) lack of 
efficient means for agronomic testing of 
progenies consisting of small numbers of 
plants [Kenworthy and Brim, 1979]. Hill 
plot testing has been proposed for the lat- 
ter [Fehr and Ortiz, 1975]; and the use 
genetic male sterility has been suggested for 
former [Brim and Stuber, 1973]. Genetic male 
sterriity, while facilitating the process of 
intermating, results inthe troublesome draw- 
back of segregation for male-sterility in 
the testing generation, with subsequent in- 
Greases in the errors associated with the 
variation inthe number of male-sterile plants 
alone yield plots., However, this effect can 
be minimized by adding more replications of 
the yield tests [Brim, 1966, 1973, and 1976]. 

Since the ultimate commercial product 
of soybean breeding is an inbred cultivar, 

Sy testing has been proposed as a way of in- 
tegrating population improvement producers 
(by recurrent selection) with standard cul- 
tivar development methods [Fehr and Ortiz, 
fo7 3). in sthise procedure, the advance from 
the Sp to the S, generation during the self- 
ing phase is accomplished by single-seed 
descent. The testing phase then employs Sy, 
progenies. The advantage of S, testing is that 
selected, superior lines can be increased and 
released directly, whereas superior lines 
derived from S; testing must be selfed to a 
more advanced state of homozygosity and re- 
evaluated for yield potential before being 
released. Furthermore, inbreeding to the Sy 
generation before testing results ina greater 
genetic gain per cycle [Brim and Cockerhan, 
1961]. 


ENVIRONMENTAL CONSIDERATIONS 


Before a breeding program for soybeans 
can be successful in developing cultivars 
adapted to an irrigation culture in high- 
temperature regions with very low rainfall, 
the breeder must have in mind the phenotype 
most likely to elicit the best yield response 
in such an environment. A precise charac- 
terization of the appropriate ideotype may 
be difficult, however, without an intimate 
understanding of the key environmental com- 
ponents that interact with the phenotype 
and govern the response of that phenotype 


during various ontogenetic events, from 
germination to maturity. Critical consid- 
erations of these interactions between geno- 
types and the environment permits the breeder 
to make mechanistic determinations about the 
probable morphological and physiological 
features comprising the ideotype and supple- 
ments the subsequent empirical determina- 
tions necessary to confirm or deny tenta- 
tive judgements concerning the nature of the 
ideotype. A review of the effects of tem- 
perature and irrigation on the response of 
soybeans is worthwhile with this context. 


Temperature 


High temperatures have a pervasive ef- 
fect on all aspects of soybean growth and 
development, ranging from the molecular to 
the organismic. The temperature optimum for 
soybean germination (percentage and/or rate) 
and for hypocotyl elongation is near 30°C 
[Delouche, 1953; Hatfield and Egli, 1974]. 

As temperatures increase above 30°C, both 
the rate and percentage of germination de- 
cline and are eventually reduced to zero at 
temperatures close to and exceeding 40°C. 
The primary effects of higher temperatures 
are an increasing rate of denaturation and 
the inactivation of enzymes and the disrup- 
tion of cellular membranes in the germinat- 
ing seed [Milthorpe and Moorby, 1974]. 
Pathogenic attack by soil fungi may also 
occur, particularly when the soil moisture 
is high. Seed of poor quality or of espe- 
cially large size is particularly suscep- 
tible to the deleterious effects of supra- 
optimal temperatures [Caviness, 1978]. 

Various studies have indicated to some 
extent the effect of high temperatures on 
vegetative and reproductive development. 
Runge and Odell [1960] observed that soybean 
yields were decreased when the daily maxi- 
mum temperatures during July and August were 
1°C higher than ''normal."' Thompson [1970] 
employed statistical techniques to evaluate 
the effect of temperature on soybean yields 
in five states of the North-Central United 
States from 1930 through 1968. A parabolic 
yield response was observed for departures 
from normal temperatures in July and August. 
The parabolic optimum (highest yield) did 
not coincide with the normal July and August 
temperatures, but was about a degree lower. 
Furthermore, the decline is yield was steeper 
with departures above (rather than below) 
normal. These two observations suggest that 
the soybean cultivars used in that region 
were not quite adapted and were not very 
yield-stable in terms of high-temperature 
response [Specht and Williams, 1978]. Higher 
temperatures in July and early August may 
lead to greater flower and pod abortion 
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[Van Schaik and Probst, 1958; Mann and 
Jaworski, 1970], and that may be critical in 


production environments with high temperatures. 


In addition, photorespiration and dark res- 
piration increase at higher temperatures, 
thus reducing net photosynthesis and ulti- 
mately the amount of photosynthate available 
for'storage in the séed' [|Thompson, 1970 
Milthorpe and Moorby, 1974]. Higher tempera- 
tures also increase transpirational water 
loss [Shibles et al., 1974]. 

Seed quality and composition are in- 
fluenced greatly by the temperatures pre- 
vailing during seed development and matura- 
tion. Seed quality is important in terms 
of commercial market value as well as the 
seed retained for planting. Very hot con- 
ditions (above 33°C) during seed development 
substantially reduce seed quality [Green et 
als, 1965; Cartter and ‘Hartwig; 1963? *Pen- 
dleton and Hartwig, 1973]. Delayed planting 
which advances seed maturation into cooler, 
fall temperatures is»often practiced’ in "some 
production areas to improve seed quality. 
High temperatures’ tend to ineréase the oLl 
content of the seed [Howell and Cartter, 
1963 and 1958] without significantly affect- 
ing the protein content, although high tem- 
peratures at night tend to increase the pro- 
tein content [Shibles, 1974]. The linolenic 
and linoleic acid components of oil are in- 
versely correlated with temperature [Howell 
and Collins, 1957]. Highér témperatures 
during ripening can also increase the res- 
piratory losses in seed weight [Howell, 1963]. 


Irrigation 


Substantial and prolonged moisture 
stress 1S ‘an ainherent, characteristic. 
semiarid regions, necessitating irrigation 
as a key management component in the culture 
of most crops. Irrigation, however, can 
introduce unique stresses if it is inade- 
quate’ or excessive, ori itis) micerrect Ly 
timed) an relation) to specific eritical stages 
in soybean ontogeny. 

Soybeans are particularly sensitive to 
deficits of soil moisture during germination. 
Hunter andErickson, [1952] observed that soy- 
beans require a greater tension in soil mois- 
ture for germination than most other crops. 
Germination did not occur until the moisture 
content of the seed attained 50 percent of 
the dry weight. Saturated soil-moisture 
conditions are also detrimental [Grable and 
Danielson, 1965] slowing down root develop- 
ment and hypocotyl elongation and creating 
an environment favorable for pathogenic at- 
tack by soil fungi and bacteria. The ini- 
tial seed quality governs the sensitivity 
of germination when the soil moisture is 
inadequate or excessive. 


18 


Runge and Odell [1960] were the first 
to demonstrate a differential yield response 
for soybeans supplied with supplemental water 
during various growth stages. Using statis- 
tical techniques to measure the yield re- 
sponse of soybeans to rainfall during a 50- 
year period in central Illinois, they ob- 
served that above-normal rainfall during 
mid-July (the late vegetative and flowering 
stages) and during mid-August to early Sep- 
tember (the pod-filling stage) enhanced soy- 
bean yields, with the latter eliciting a 
greater yield response than the former. 
However, above-normal rainfall before early 
July (the vegetative stage) and during late 
July to early August (the pod-development 
stage) decreased soybean yields, with the 
former having the greater effect? The posi 
tive yield response to additional rainfall 
during the pod-filling stage was attributed 
to an enhancement of the dry weight of the 
seeds, presumably because ‘of 2 Tackoor 
stress which might influence an efficient 
storage of photosynthate in the developing 
seed. Other investigators have also demon- 
Strated the critical Nature of tuese, eva 
stages in the yield response to supplemental 
water [Shaw and Laing, 1966; Dusek et al. 
1971; Brady. et al., 1974: Sionle and frames. 
1977; Ashley and Ethridge, 1976; "Speche anu 
Williams, unpublished data]. Doss et al. 
[1974] evaluated several irrigation schedules 
during a three-year period and observed that 
while irrigation at flowering enhanced yields, 
the effect was greater with irrigation at the 
pod-fill stage since the amount of water 
applied during pod-fill was highly cor- 
related (r = 0.81) with the ultimate soybean 
yield. For each centimeter of water appiteda 
from August 15 to September 20, the yield 
was enchanced by about 125 kilograms per 
hectare. The lack of irrigation before 
flowering or during the pod-development 
stage had very little effect on yield. Doss 
and Thurlow [1975] demonstrated that daily 
water use by soybeans also peaked during 
flowering and again during pod-fill (the 
magnitude of the latter was greater than 
that of the former), thus coinciding with 
the bimodal yield response pattern observed 
by Runge and Odell [1960]. This pattern was 
quite’ charatteristic regardless Of themimc.- 
gation schedule used. However, moderate 
and very frequent irrigations did increase 
the overall amount of daily water use ob- 
served, suggesting a conditioning or accli- 
mation of the soybeans to the water level 
available. 

Irrigation has other characteristic 
effects on soybean growth, aside from yield. 
Doss and Thurlow [1974], Brady etal. [1974], 
and Ashley and Ethridge [1978] all observed 
that irrigation at any time before the 


terminatin of vegetative growth significantly 
increased the height of the plant and its 
susceptibility to lodging. Since lodging 
tends to reduce yields, some attenuation of 
vegetative growth is necessary in order to 
reduce lodging. Indeed, supplemental water 
applied before the onset of flowering tends 
to result in excessive growth. Because of 
subsequent lodging, such growth may reduce 
yields [Runge and Odell, 1960; Brady et al., 
1974; Ashley and Ethridge, 1978]. Woods 
and Swearingen [1977] observed that lodging 
induced at any stage from early flowering 
to late pod-fill tended to reduce yields. 
Lodging during pod differentiation and 
development caused the severest yield re- 
duction, primarily because of the substan- 
tial pod abortion. Interestingly, this 
stage corresponds to the "valley" between 
the two peaks of yield response to supple- 
mental water [Runge and Odell, 1960] and 
between the two peaks of daily water use 
[Doss and Thurlow, 1974]. 

The growth characteristics of irrigated 
and nonirrigated soybeans have been evaluated 
in several reports [Stone et al., 1976; 
Mayaki et al., 1976a and 1976b]. The root 
system was similar in both cultures, except 
during mid-season when the dry matter in the 
roots was greater and the rooting depth was 
shallower under the irrigated culture. Sea- 
sonal water use was about 20 percent greater 
foretne Irrigated culture. The average 
vegetative growth rates, leaf area index, 
and total dry-matter accumulation were 1.5 
to 2 times greater under the irrigated cul- 
ture. Maturity is usually delayed, sometimes 
substantially, by using irrigation [Specht 
and Williams, 1978] probably because of the 
additional vegetative growth as well as the 
elimination of stress-accelerated senescence. 
The alleviation of water stress by irriga- 
tion tends to result in better seed quality 
[Pendleton and Hartwig, 1973] and may improve 
the protein and oil content of the seed. How- 
ever, the yield enhancement arising from ir- 
rigation may also reduce the protein content 
because of the negative correlation between 
protein and yield [Brim, 1973]. 

The high temperatures and relatively 
low humidities of semiarid and arid environ- 
ments generally restrict the development and 
severity of injury from most fungal, bacte- 
rial, and viral disease as well as the nema- 
todes and insects that attack soybeans [Athow, 
1973; Kennedy and Tachibana, 1973, Dunleavy, 
1973; Good, 1973; Turnipseed, 1973]. How- 
ever, an irrigated soybean culture may re- 
sult in a canopy environment favorable to 
diseases, particularly if soil drainage is 
poor, irrigation is frequent, and the soy- 
beans are grown continuously on the same 
land. 


BREEDING OBJECTIVES 


The breeding objectives anticipated in 
selecting soybean genotypes adapted to irri- 
gated culture in high-temperature regions 
with semiarid and arid conditions are for 
the most part similar to those employed in 
more temperate, rain-fed regions. Brim 
[1973] and Hartwig [1973 and 1976] have 
outlined some of the general and specific 
objectives in soybean improvement. Obviously, 
the primary objective is yield improvement. 
Substantial genotypic differences exist in 
terms of yield responses to high tempera- 
tures, irrigation, or both [Mederski et al., 
LO7S;*Mederskr and Jerrers, 19/737 opecnt .and 
Williams, 1978; Martineau et al., 1979a and 
1979b]. Minimum standards for the oil and 
protein content of soybean seeds are essen- 
tial in most breeding programs, particularly 
when exotic germplasm is used in crosses or 
in intermated populations. Maturity plays 
a significant role in cultivar adaptation 
and must be considered in any breeding pro- 
gram. Resistance to dehiscence may be an 
important objective in environments where 
shattering before harvest is likely. Resis- 
tance to diseases, nematodes, and insects 
may be important where such injury could 
occur frequently. In highly productive en- 
vironments, plant height is an important 
consideration because of its association 
with lodging and the effect height has on 
yields. In industrial processing of soy- 
bean seeds, certain seed pigmentation pat- 
terns are undesirable. So the breeder 
must keep these in mind during selection. 

A high-temperature irrigation culture 
for soybean in semiarid and arid environ- 
ments imposes some unique restrictions and 
potentials on genotype responses. Conse- 
quently, some breeding objectives may dif- 
fer from those used for conventional envi- 
ronments, warranting further discussion. 

Because seed quality is a crucial fac- 
tor in obtaining stand establishment under 
supra-optimum soil temperatures when accom- 
panied by either drought stress or excessive 
soil water, this characteristic should re- 
ceive emphasis in the breeding program. 
Various laboratory tests are available for 
assessing genotypic performance concerning 
germination, emergence, and vigor under 
stress conditions [McDonald, 1976; Johnson, 
1977]. Caviness [1978] used a field-screening 
technique to maximize environmental condi- 
tions favoring the deterioration of seed 
quality to permit optimum discrimination 
among genotypes in order to maintain seed 
quality despite unfavorable conditions. 

The identification of heat-resistant 
genotypes is often difficult empirically 
because of an inability to achieve consistent 
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and reproducible conditions of heat stress 
in the field. Heat resistance in soybeans 
may be due to inherent tolerance mechanisms 
or avoidance mechanisms [Specht and Williams, 
1978]. A mechanistic approach to screening 
soybeans for heat tolerance has been devel- 
oped [Martineau et al., 1978a and 1979b] and 
may be useful for soybean production in high- 
temperature regions. Screening for genotypes 
less disposed to floral abortion at high tem- 
peratures and to the shock of irrigations 

at flowering may be necessary as a selection 
criterion designed to improve seed set. 

Any evaluation on the yield response of 
soybean genotypes to irrigation culture 
should include considerations of maturity, 
plant height, lodging, and diseases as well 
as the effects on yield components of the 
number of seeds per plant and the weight of 
the seed. Maturity adaption is crucial be- 
cause of the tendency of irrigation to delay 
maturity [Specht and Williams, 1978]. Photo- 
periodism and maturity are also important in 
latitudes where two or more crops are grown 
per year, [Hartwig, 1973]. 

Irrigation generally increases plant 
height, particularly if applied during the 
vegetative stages of growth, and thus in- 
creases the plant's susceptibility to lodg- 
ing. Therefore, some attenuation of stem 
growth to minimize lodging is desirable. 
Shorter genotypes, perhaps with a determi- 
nant stem habit, provide a way of achieving 
this objective. However, a balance must be 
struck between shortening the plant height 
and maximizing the number of fruiting nodes, 
particularly at lower latitudes where photo- 
periodism governs the length of time between 
emergence and flowering. Irrigation culture 
may result in a greater frequency of soybean 
diseases, and disease resistance may become 
a major objective [Hartwig, 1976]. The timing 
of irrigation with respect to reproductive 
ontogeny will significantly influece the num- 
ber of seeds per plant and seed weight [Specht 
and Williams, 1978]. Although these yield 
components generally are correlated negatively 
with each other, the degree of negative cor- 
relation and the response of each component 
to irrigation differ among genotypes. 


SUMMARY 


Soybean breeding programs designed to 
develop cultivars suited to irrigation cul- 
ture in regions of high temperatures and 
very low rainfall are similar in most re- 
Spects to the soybean-improvement programs 
employed in temperate, rain-fed areas. The 
breeding procedures employed are primarily 
determined by the soybean breeder—considering 
the resources available, the nature of the 
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genetic variance, and the genetic gain de- 
sired per year. Plant introduction and 
pure-line or mass selection can be used to 
exploit the existing natural genetics vari 
ability. Pedigree, bulk population, and 
single-seed descent can be used to) segregate 
Materials. derived, from artifical crosseomo. 
selected parents. Backcrossing can be) used 
to improve, existing cultivars. Kecurrent 
selection in intermated populations can be 
employed to maximize recombination, opti--° 
mize the use of greater genetic variability, 
and improve the efficiency of selectionu: 
Many of the breeding objectives employed for 
soybeans raised in a temperate, rain-fed cul- 
ture are also applicable to a high-temperature, 
semiarid, irrigated culture. Howeverjerae 
unique environmental conditions present in 
the latter environment may require a quite 
different ideotype in order to fully exploit 
the potentials of an irrigated cultureseeine 
characterization of the phenotypic features 
of this ideotype should be the main goal of 
the,breeder.. 
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Producing Quality Seed for Arid Areas 


E.E. HARTWIG 


ABSTRACT: 


any area is a well-adapted variety. 


A primary factor in producing quality soybean seed for planting in 
At Stoneville, Mississippi (latitude 33° 


20'), varieties maturing in October or early November produce seed of better 


quality than varieties that mature earlier. 


An adapted variety planted in mid- 


May or early June will produce better-quality seed than the same variety planted 


eA ln, 
latitude in western Mexico. 


Similar results have been obtained under irrigation at 26° to 28° 
Another factor in producing quality seed is to pro- 
vide adequate moisture so the varieties will mature fully. 


Small seed types 


appear to produce better-quality seed under low moisture conditions than large 


ones. 


If the seed is harvested by machine, care must be taken in adjusting the 
combine to avoid damage to low-moisture seed. 


If the non-growing season is re- 


latively warm and if the humidity is high, special storage conditions must be 
provided to maintain the seed at a moisture content of less than 13 percent. 


THE AREA OF SOYBEAN PRODUCTION in the world 
tmider complete irrigation is relatively 
small. The principle region growing soy- 
beans under complete irrigation is located 
in western Mexico between latitudes 26° and 
28° where over 100,000 hectares are grown 
each year. The soybeans are planted in May 
or early June after a wheat crop is harvest- 
ed. Wheat is planted after soybean harvest. 

Many of the problems associated with 
producing quality soybean seed for planting 
under irrigation are similar to those encoun- 
tered in other production areas. The number 
one requirement is to have an adapted variety. 
Varieties that mature during October produce 
seed of superior quality to those which mature 
earlier. Such varieties were developed for ma- 
turing under higher temperature conditions. 
However, temperatures during October are 
normally lower than in September. 

In studies conducted at Stoneville, 
Mississippi, varieties of Maturity Groups 
VI or VII have produced seed quality super- 
ior to that from Maturity Groups IV or V. 
Considerable progress has been made in de- 
veloping varieties of Group V maturity with 
improved seed quality. However, within the 
varieties of Group VI or VII, the seed 
quality from plantings made in mid-May or 
early June has been superior to that from 
the same variety planted in mid-April. The 


time of maturity would not have been changed. 


The seed producer in an arid region 
would not be concerned with seed deteriora- 
tion before harvest resulting from frequent 
rains. However, he must supply irrigation 
water of adequate quantity and over a suffi- 
clent time, to permit. thei variety to. mature 
completely. When the variety does not ma- 
ture fully, seed may Des reduced in, sizé. or 
become shriveled... In, some cases, theccoty- 
ledons will remain green. Seed samples of 
the soybean variety Cajeme produced in the 
Obregon area of Mexico were sorted by hand 
to give a sample of well-developed seed with 
yellow cotyledons and another sample of 
immature, somewhat shriveled seed with green 
cotyledons. The germination of.the. latter. 
lot was very poor. 

Seed maturing under conditions of low 
humidity will drop to a moisture level of 8 
to 10 percent very rapidly as the variety 
matures. When seed is machine-harvested, 
considerably more care must be taken to pre- 
serve the quality of the seed with a moisture 
content of 8 percent than of that with 13 
percent moisture. Care must be taken to 
avoid splitting the seed and cracking the 
seed coat. Very dry seed may be damaged by 
impact even without showing evidence of ex- 
termal injury. 

Observations have shown that large seed 
(18 g/100 seeds) is damaged more by handling 
under low-moisture conditions than is small 


Edgar E. Hartwig is Research Agronomist, AR/SEA/USDA, Delta Branch, Mississippi Agricultural 
and Forestry Experiment Station, Stoneville, USA. 


23 


seed (12 g/100 seeds). Studies at Stone- 
ville have shown that when the Lee type 
(with an average weight per 100 seeds of 14 
grams) is converted by backcrossing to a 
type having a 100-seed weight of 9 or 22 
grams, the seed yield is not changed. These 
comparisions were made at an average yield 
of 5 tons of tsecda per hectares. Wise 2 
breeder developing varieties for arid re- 
gions need not feel that he will suffer a 
loss in yield potential 16 he attemprs ato 
develop small-seeded varieties. 

After the seéd 1s harvested, storing 
may become a problem, particularly if the 
temperature remains relatively warm and the 
air is relatively humid. In western Mexico, 
seed takes up moisture and deteriorates be- 
fore the next planting Season. For storage, 
seed should remain below 13 percent mois- 
ture. If the tenperatiirems iionetor 
several weeks before planting, a moisture 
content of 12 percent would be advantageous. 
In Mexico, air-conditioned or dehumidified 
storage areas have become necessary. 

The interaction between the moisture 
content of the seed and the temperature can 
be illustrated by storage studies conducted 
at Beltsville; Maryland.) “the vezmination 
of seed with a moisture content of 13.9 per- 
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cent stored at different temperaturesue. 
shown below. e 


Storage temperature (° C) 


Germination date 30 20 10 Y 


percent germinatton 


March 13 98 99 97 97 
May 3 87 99 96 97 
June 6 40 97 91 OGF 
July 10 0 98 95 94 


The germination percentages for samples 
of the same seed lots stored at 9.4 percent 
MOTSture were: 


Storage temperature (° C) 
Germination date 30 20 10 2 


percent germtnation 


March 13 97 97 97 97 
May 3 98 96 96 98 
June 6 96 95 94 98 
Se ver 95 97 93 94 


These results show that when soybeans 
are to be planted late in the séasonesarcer 
another crop is harvested, eréeat scare muse 
be taken to preserve the seedyqualit. 


Soil-Fertility Requirements of Soybeans 
with Reference to Irrigation 


C.J. DEMOOY AND P.L. SUTHERLAND 


ABSTRACT: The purpose of this paper is to review recent literature on the mineral 


nutrition of soybeans under irrigation. 


Very little research has been conducted 


anywhere in the world on the simultaneous effects of irrigation and fertility. 
Recent advances in understanding the requirements of soil fertility are reviewed 
and the results of some new research combining foliar nutrient applications and 


moisture-level treatments are discussed. 


THE PURPOSE OF THIS PAPER is to review the 
literature on the soil-fertility requirements 
of soybeans, especially in semiarid regions 
under irrigated conditions. Emphasis was 
placed on the findings of the last few years 
because at least 4 or 5 other reviews have 
been published on the subject since 1970 
[Kurtz, 1976; Kamprath, 1974; deMooy et al. 
{9733 e,0c0ctAand fidrich, 1970; Nelson 1970]. 
Furthermore, annotated bibliographies have 
been prepared by the Commonwealth Agricultural 
Bureau at various times. 

Reviews about the mineral nutrition of 
soybeans and their response to soil-fertility 
conditions were never easy to write because 
research on the topic was not coordinated 
Vetyewell and did not-coyer the entire field. 
Many field trials were not designed well 
enough for quantitative interpretation and 
did not make a contribution to our under- 
standing of basic concepts about soybean 
mineral nutrition. A request for information 
on the nutritional requirements of soybeans 
under irrigation adds yet another complica- 
tion, Ihe quantity and control of the irri- 
gation water must be adequately described in 
order for the experimental results on mineral 
Nuericion cto be interpreted properly. 

Determining the optimum management con- 
ditions concerning water and fertility re- 
quires a simultaneous treatment of irriga- 
tion levels and fertility variables and the 
desired understanding of the difference be- 
tween rain-fed and irrigated nutritional re- 
quirements and is derived fromthe interaction 
between the two factors.. Such factorials 
dealing with both variables seem to be ex- 
Crenelyerare’. 


The present topic is well chosen and 1s 
Of yréat interest to those in. revions wit 
irrigation resources and problems in soybean 
management. A wide field of research activ- 
ity Lies, unexplored, 


LITERATURE REVIEW 
Nutrient Accumulation and Transfer 


NUTRIENT ACCUMULATION, The patterns of 
nutrient accumulation in various parts of the 
soybean plant and the subsequent transloca- 
tion of nutrients into developing pods and 
seeds have been described by Hanway and Weber 
[197la and 1971b]. The absorption, accumula- 
tion, and translocation at various rates of 
N, P, K application form the basis for an 
understanding of soybean nutrition. 

Similar studies on nutrient and dry-matter 
accumulation have now been conducted in Brazil 
[Bataglia et al., 1976], France [Chevalier, 
1976], and India [Singh and Saxena, 1977]. 
The new studies provide similar data under 
different environmental conditions. Bataglia 
et al. [1976] reported the maximum accumula- 
tion of dry matter; CajoMe, and! Siafter 90 
days; K after 110 days; and P.and N after 
130 days. They determined the total amounts 
of nutrients accumulated by the plant and the 
percentages that were deposited in the grain. 

Chevalier [1976] recorded in accumula- 
tion of dry matter and the nutrient absorp- 
tion at various application rates for K, be- 
cause K was in low supply in the soil. He 
found that the uptake of K and Ca was largely 
completed one month before that of N, P, and 
Mg. Application of K increased the uptake 
of K and also the N,-P, andK content of the 
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grain; but Mg uptake was suppressed. Cheva- 
lier presented the distribution of N, P, K, 
Ca, and Mg between the grain and the straw. 

Singh and Saxena [1977] studied the dry- 
matter and P content of soybean plant parts 
at 15-day intervals as affected by various 
rates of N application. Like most previous 
researchers whose work has been reviewed ear- 
lier by deMooy et al. [1973], Singh and 
Saxena found decreasing P concentrations in 
the leaves and petiole with time and evidence 
of the translocation of P to the seeds. Ap- 
plications of N stimulated P uptake and growth 
but reduced the P concentration in the plant 
tissue because of the dilution efiect, 

Researchers working under advanced man- 
agement conditions are always aware that cul- 
tivars with higher production potentials will 
have greater’nutrient requirements. “In re- 
gions of the world where the technology is 
still being adapted to the local enviroment, 
however, the basic work with fertilizers, 
micronutrients, and their interaction with 
soil and water conditions is still in progress. 
The importance of soybean research lies in 
these interactions of fertility with water, 
cropping systems, tillage practices, vari- 
eties, disease and ipest controls andiclimatic 
factors. Current résearch is not formulating 
a general theory to explain the differences 
in these interactions that have appeared in 
the literature produced around the world. 


TRANSFER OF NUTRIENTS. Figueiredo 
[1975] studied the nutrient contents of soy- 
beans in various row arrangements and described 
generally decreasing N, P, K, Ca, and Mg con- 
tents over time with a renewed increase of N 
and P after 80 days. Derman et al. [1978] 
showed that the transfer of N from the leaves 
to the seed started before the leaves began 
to turn yellow. 

The transfer of nutrients fromthe leaves 
to the developing seed is closely related to 
leaf senescence and dihisence. The obvious 
interest in preventing leaf senescence during 
pod-fill is to continue the absorption of ac- 
tive nutrients and the process of N-fixation, 
as well as to promote the transfer of more 
nutrients to the seed—all of which would in- 
crease the productive capacity of the crop. 

Hanway [1976] described how the natural 
processes of root growth, nutrient uptake, 
and N-fixation stop as the seed-filling pro- 
gresses. N translocation takes over; the 
leaves become chlorotic and abscise. 

Derman et al. [1978] showed that remov- 
ing the pods prevented N redistribution and 
also caused other changes in mineral redis- 
tribution. ‘The depletion ot Ke Mee. Ca. Mn, 
and Fe from the leaves was not responsible 
for yellowing because their content did not 
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change during the process, whereas the con- 
tent of N in the leaves decreased. 

Mondal et al. [1978] removed the repro- 
ductive and vegetative sinks and, thereby, 
partially inhibited leaf photosynthesis in 
the top of the canopy. This inhibition Te= 
mained constant from mid-bloom until maturity. 
There was also a gradual decline in photo- 
synthesis, which was the same in normal as 
well as de-sinked plants. The de-sinked 
plants retained more dark-green leaves; but 
the green as well as the yellowing leaves 
showed the same decline in photosynthesis, 
which was not related to any of the charac- 
teristics measured by the authors such as 
the contents of inorganic phosphate, chloro- 
phyll, protein, and carbohydrate in the leaves. 

Nooden et al. [1978] found reduced leaf 
senescence in soybeans with pods only on the 
bottom half of the plant and leaves on the 
upper half. Continued pod removal further 
retarded leaf senescence. Pods located be- 
low the leaves could prevent senescence. 
Those above the leaves could not. ~Séeedede= 
velopment and nutrient response could be 
separated. Seeds may affect senescence by 
means other than just a nutrient sink. 

There are two ways of attempting to pre- 
vent leaf senescence. One is to provide min- 
eral nutrients to the plants at an advanced 
stage of development. A foliar application 
is one of the methods involved, the results 
of which are reviewed later. The other ap- 
proach is to incorporate the trait of delayed 
leaf senescence into otherwise desirable cul- 
tivars. Abu-Shakra et al. [1978] found such 
a soybean population, which also maintained 
high chlorophyll and ribulose-biphosphate 
carboxylase activity in the leaves and high 
N-fixation rates throughout maturation. 


General Soil Fertility Factors 


Soil management practices greatly affect 
the availability of soil nutrients. Incor- 
porating straw, mulching, and tillage methods 
are some factors which have been identified. 
Straw incorporation may have several effects. 
Incorporated at the rate of 2 to 4 tons per 
hectare, straw increased N-fixation and soy- 
bean yields [Shivashankar and Vlassak, 1978]. 
The nitrogenase activity of root nodules was 
almost doubled at the 4-ton rate. Enrichment 
of soil CO2 in combination with 4 tons of 
straw again nearly doubled the nitrogenase 
activity. Others also reported positive ef- 
fects on soybean yields from CO2 enrichment 
[Buriamaqui, 1976; Hardy and Havelka, 1973]. 

Therefore, incorporating the straw may 
provide a practical means of raising soybean 
yields based on the premise that photosynthe- 
tic limitations are an important cause of 
yield ceilings with soybeans. On the other 


hand, a comparison by Veiga and Oliveira 
[1976] of incorporating 5 tons of wheat 
straw/ha at plowing time with other treat- 
ments (such as mulching with the same amount 
of straw 10 days after soybean emergence, 
direct seeding of soybeans in wheat stubble, 
and partial incorporation of straw) resulted 
in very little yield advantage (13 percent) 
for the best treatment, which was the partial 
incorporation of the straw. The reasons for 
the widely differing results need to be es- 
tablished. 

Another effect of incorporating the 
straw or corn cobs reported in older litera- 
ture is to immobilize the available inorganic 
nitrogen. In fact, this is awell-known tech- 
nique for reducing available combined-N in 
the soil in N-fixation studies [Weber, 1966a 
and 1966b]. The principle involvedis that of 
competition for available soil N between roots 
and microorganisms decomposing the straw. 


Aluminum Toxicity and Liming 


Two points need to be considered when 
seeking an optimum soil pH and liming policy 
for soybeans. First, soybeans—even those 
grown in the United States—seldom require 
a soll pH of more than 5.8 to 6.2 as noted 
earlier [deMooy et al., 1973, p. 413]. Re- 
cent liming experiments in Alabama by Mitchell 
et al. [1977] confirmed the earlier findings. 
Yield responses from lime occurred at a soil pH 
Opoe2 Or less, except where drought restricted 
the yield. Second, the problem of soil acid- 
ity and liming in highly weathered tropical 
soils centers around Al-toxicity. 

The primary purpose of liming is to re- 
duce the exchangeable Al to a harmless level. 
Work to this effect has been conducted by 
Mascarenhas et al. [1976]. They observed in- 
creased levels of P, K, Ca, and Mg in the 
sovl) as’a result of liming. ‘Martini et al. 
[1974] reported that liming toapH above 5.4 
was impractical. Generally, damaging amounts 
of aluminum have been removed from the soil 
at that pH. Other liming experiments have 
been reported from Puerto Rico by Pearson et 
Gael O77)’: 

Reducing the Al saturation from 81 to 28 
percent or 4 percent by liming resulted in 
an increased concentration of Ca in the plant 
and much-reduced concentrations of Al in most 
plant parts, except for the nodules, in green- 
house trials conducted by Sartain and Kamprath 
[LO77 Pe. 

In solution cultures by Wallace and 
Romney [1977], toxicity symptoms occurred 
when the Al content exceeded 30 mug/g in soy- 
bean leaves. The roots usually contained 
more Al than the leaves. High Al contents 
reduced the concentrations of Fe and Zn in 
the leaves. 


Perez-Escobar [1977] found that exchange- 
able Al contents of 5.5 meq/100 g of soil re- 
duced soybean yields by about half in the 
heavy textured soil of Puerto Rico. In 
coarse-textured! soils,/a soilpH of 4,8 to,6.3 
and the percentage of exchangeable Al were 
not clearly related to yields because the to- 
tal amounts involved were so small. But ex- 
changeable Ca, Mg, andKwere related to yields 
in all instances. 

Soybeans are considered to be a rela- 
tively tolerant; crop with reference to Al, 
especially if cationic nutrients are present 
in adequate amounts. Kang et al. [1977] 
pointed out that seed-pelleting with P, S, 
and Ca appears to be desirable in order to 
promote nodulation in acid soils until culti- 
vars have been developed that nodulate and 
grow well in acid soils. 


Nitrogen Nutrition 


As a leguminous crop, soybeans are be- 
lieved to have the capacity to fill most N 
requirements through the fixation of atmos- 
pheric N2 in symbiosis with rhizobia. Soy- 
beans absorb combined N from the soil if 
available, but do so at the expense of uti- 
lizing symbiotic-N resources. This is the 
basis of the well-established linear inverse 
relationship: the application of inorganic 
N fertilizers results in reduced symbiotic 
N-fixation by way of substitution which takes 
place without loss in yield. The concept has 
been discussed by various authors since the 
1940's, one of whom is Weber [1966b]. Many 
investigators have agreed with the principle 
of an inverse relationship stating that the 
application of N fertilizer to well-nodulated 
soybeans is unnecessary, or at least unprof- 
itable. Some of these studies published in 
recent years are by Chesney [1973], who 
worked in the humid tropics; Chesney et al. 
[1970]; Criswell et al. [1976]; Karyagin and 
Tolstenko [1973]; Lorenz [1974]; Reis et al. 
[1977]; Singh and Saxena [1972]; and Welch 
Chace MIS ol. 

In non-nodulated beans, Pal and Saxena 
[1977] found that leaf areas were reduced by 
N applications exceeding 200 kg/ha in India. 
Trang [1977] reported more growth reduction 
from N applications under shade than when 
not shaded. 

Despite the general rule of negligible 
advantages from the effects of N application, 
reports of considerable responses from applied 
N continue to appear. Aleman and Franco 
[1976] conducted factorial trials for optimum 
N and P fertilization and arrived at quite 
high N requirements (600 kg/ha) for a maximum 
yield, Kang in Luse et @al., [1975] re- 
ported greatly increased yields from N fer- 
tilizer applications of up to 120 kg/ha of 
N after inoculation in the humid tropics. 


Pal 


There are those who claim that small 
additions of N fertilizer further increase 
the yield of well-inoculated soybeans. They 
include Nangju [1975] at IITA, Kang {1975} 
in western Nigeria, Herath [1975] in Sri 
Lanka, and Longeri and Herrera [1972] in 
Chile. 

The recent studies include those by 
Bhangoo and Albritten [1972], who reported 
increases of 10 to 15 «percent win secd yield 
from N applications of 112 kg/ha except in 
dry years, Rioz and dos Santos [1973], and 
Haque [1977]. Haque reported maximum yields 
with the highest rate of Napplied (90 kg/ha), 
even with inoculated soybeans, but not every 
year. Such a sporadic yield response was 
also reported by Bishop et al. [1978]. Sta- 
tistically significant responses from N ap- 
plications were found! im 1972 but not in 
1973; whereas responses occurredJat. onessite 
but not at another in, 1974: 

The controversy may be caused by several 
factors, especially since an increasing num- 
ber of investigations are being made in trop- 
ical regions. The experiment by Haque was 
conducted at the end of the wet season in 
SsLiernpa Leone... Pettiet [1971 tound in, Mis— 
Sissippi that soybeans responded to N under 
dry conditions but not under irrigation. Ni- 
trogen mineralization may be greater as rain- 
fall increases. Less than full efficient 
nodule activity may be another factor in some 
instances, despite careful procedures with 
seed inoculation. 

Most discrepancies might be brought into 
general agreement if the total amount of 
available soil N present in the entire root 
zone at any time during the growing season 
were taken into account. Few researchers, 
however, are prepared to undertake the labor- 
ious taskof intensive sampling anda chemical 
analysis of the soil to the full depth on 
rooting at regular intervals during the grow- 
ing season. 

Few would claim that soybeans can fill 
all N requirements from symbiotic N-fixation. 
When mitrogen. 1s plentiful in the field. 
Harper [1974] estimated a range of 25 to 50 
percent, making the contribution from sym- 
biosis secondary to uptake from sources of 
nitrogen in the soil. 

Decau et al. [1976] determined the con- 
tribution of bacterial N to the total N con- 
tent on the basis of the nitrate content of 
the plant. They set out to determine whether 
a compensating effect of the N-fixation meta- 
bolism on the absorption of mineral N by the 
roots exists or whether the two N-absorption 
mechanisms are independent. They grew nodu- 
lated and non-nodulated soybeans in the field 
under irrigation at four rates of NO3z appli- 
cation and sampled plant tops periodically 
for total N and NOz content. Their results 
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indicate that: (1) the two N-absorption 
mechanisms are not independent; and (2) the 
field method gives a good approximation of 
the total amounts of N contributed by root 
uptake and N-fixation. 


EARLY GROWTH STAGES. The period between 
emergence and the beginning of effective no- 
dule activity is a logical one for a response 
from applications of nitrogen. However, a. 
visual response at this stage does not guar- 
antee a yield increase because soybeans often 
recover from nutrient deficiences incurred 
during early stages of development without 
a loss in yield. Beard and Hoover [1971] re- 
ported a yellow discoloration of the leaves 
until the plants were 30 cm tall aty30" to 40 
days after emergence, indicating a nitrogen 
deficiency; but a preplant application of 
56 kg/ha of N as a ammonium sulfate caused a 
sharp reduction in the number of nodules per 
plant. A lower rate of N application might 
have corrected the N deficiency and, thus, 
prevented a decrease in nodulation. However, 
such rates were not used in that study. 
Williamson and Diatloff [1975] found no ill 
effects on nodule numbers when up to 34 kg/ha 
of N was applied in Australia. 

Hatfield et al. 1974) reported thar 
nodulation was stimulated by adding small 
amounts of N during 2 weeks after emergence 
in the greenhouse. The dry-matter yields 
of inoculated plants were not maximized with 
less than 4 weeks of supplemental nitrogen. 
Uninoculated plants attained the same dry 
weight as inoculated ones after 6 weeks with 
an additional N supply. Tran and Hinson 
[1977] applied N at rates of 30 and 60 kg/ha 
in bands 30 cm wide over the rows. After )35 
days, the nodule numbers were reduced by one- 
third and nodule fresh weight by one-fourth; 
but the N-fixation per unit of fresh weight 
was increased by one-third. The next year, 
the residual effects created by adding 60 kg/ha 
of N were noticeable 85 days after planting. 
Significantly less N was fixed by those plants 
than’ bys theacontrel plants. 

The period of N shortage in the seedling 
stage may be relatively more important in 
tropical lowland conditions than in temperate 
regions because of the extremely low avail- 
ability of ssoil Nat «critical timesgeagiasue. 
rate of N uptake in the tropics, and perhaps 
an earlier flowering of soybeans under con- 
ditions of restricted daylight ,, as suggested 
by, Leng (197 Side 


NODULATION. The effect of N fertiliza- 
tion on nodulation has received much atten- 
tion because it concerns a rather fundamental 
aspect of N nutrition in soybeans. The 
presence of nitratés generally affects the 


initiation of nodule development and func- 

tioning alike. Yet, urea had no inhibiting 
effect at 6 times the concentration at which 
nitrates caused an inhibition of nodule de- 

velopment [Harper, 1976]. Urea is absorbed 
more slowly than nitrate, perhaps explaining 
the difference. The urea could have provided 
fertilizer Nto soybeans inanalready reduced 


form, which would not affect nodule activity. 


BLOOM. High rates of flower and pod 
abortion in soybeans may be partially due to 
a lack of adequate nitrogen. 
[1978] managed to reduce flower abortion 
from 55 to 45 percent by the application of 
combined nitrogen. The yield increases ob- 
tained in the field and greenhouse were 28 
and 33 percent, respectively. Nitrogen was 
broadcast on the field at the rate of 168 kg/ha 
at the beginning or end of bloom, or both, 
and was washed into the ground by sprinkler 
irrigation. The increased seed yield resulted 
from more seeds per plant and, sometimes, 
partly from an increase in the size of the 
seed. Other reports such asthe one by Beard 
and Hoover [1971] showedno effect on nodula- 
tion or yields from N rates of up_to 112 kg/ 
ha applied at flowering. 


RESIDUAL NITROGEN. Another suggestion 
about the absorption of organic N is implied 
in the notion that soybeans respond better 
to residual nitrogen than to a direct appli- 
Catson of Ni fertilizer, The* response to 
nitrogen that has been’ inthe soil for a year 
or more includes that possibility that a 
transformation into organic nitrogen has oc- 
curred and that it has been absorbed by the 
roots [Bezdicek et al., 1974]. 


PHYSIOLOGICAL DIFFERENCES. Applied N 
may replace symbiotic N in soybeans, but the 
physiological processes involved may differ 
so that plant dry-matter for a given seed 
yield from inoculated plants could be lower 
than that from uninoculated plants treated 
with combined N [Coic, 1975]. This and 
other differences between nodulated and non- 
nodulated plants were discussedinan earlier 
review [deMooy et al., 1973]. Ryle et al. 
[1978] pointed out that plants supplied with 
an abundance of nitrate-N assimilated 3 to 4 
times as much N as nodulated plants wholly 
dependent on N-fixation. Moreover, 40 per- 
cent of the N from nitrate-N was assimilated 
after the nodulated plants had stopped fix- 
ing nitrogen. Respiration in the roots of 
plants dependent on N-fixation was twice as 
fast as in those dependent on nitrate-N, 
which made a difference of 10 to 15 percent 
in whole-plant respiratory loss. Therefore, 
plants that were dependent on N-fixation grew 
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slower than those supplied with nitrates 
because of the lower amount of assimilated-N 
and the relatively high energy demands of 
symbiosis compared to the NOz reduction in 
the leaves. 


Phosphorus Nutrition 


The phosphorus requirements of soybeans 
grown under temperate climatic conditions and 
the effects of P nutrition on nodulation and 
N-fixation have been thoroughly evaluated 
over the last 50 years and have been reviewed 
previously [deMooy et al., 1973]. In the 
developing countries, the range of environ- 
mental conditions and soil varieties is wider 
than elsewhere, for which optimum P applica- 
tion rates and fertilvzer: policies, stild need 
to, pe defined. 

Shukla [1970] reported on P responses 
for the clay soils of Guyana. Later, Chesney 
[1973] showed further evidence of large, lin- 
ear responses from moderate rates of 'P feérti- 
lization on clay loam soils having low avail- 
able P an the: samercountry. 

Lasserre 19/7) reported an -imereasesof 
4.74 k& of*seed per kg of applied*P3705 and 
recommended rates of up to 120 kg/ha of P20s5 
for Argentina. Haque [1977] observed in- 
creased nodulation and an increase of 113 per- 
cent in grain yields with rates of upto 60 kg/ha 
in Sierra fones “However; “at90 kg/havyofr Po0s, 
yield reductions occurred that were ascribed 
to induced Zn deficiency. In phosphorus 
studies in Louisiana, similar rates of 99 kg/ha 
resulted in maximum yields, although plant 
height and lodging were increased [Lawrence 
(agra med Moss VEE MOM ier 

In Nigeria, soybeans responded to resi- 
dual fértilizer Po renaininy after 2 toss 
maize crops. Original applications up to 
104 kg/ha ot P* resulted in large"incréeases 
in yields and in the percentage of seed pro- 
tein during Vater years. 

Interactions with other elements such 
as N, Zn, and various micronutrients are 
closely allied to phosphorus nutrition. Uriyo 
[1974] reported an interaction between P and 
Mo in the soils of Tanzania. Soybean yield 
responses from P applications occurred; but 
at high rates of P application, the addition 
of Mo decreased seed yields. 

The lack of response from P applications 
in spite of low P soil tests may be caused 
by a number of factors, one of which is 
drought. Mitchell et al. [1977] reported on 
the lack of P responses in Alabama. 

Mycorrhiza have a profound effect on P 
nutrition. The association of soybean roots 
with mycorrhiza was recognized in 1970 by 
Ross and Harper. Ross and Gilliam [1973] 
showed that mycorrhizal plants were capable 
of removing more P from the same sources 
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that were also available to non-mycorrhizal 
plants. Schenk and Hinson [1973] added that 
significant increases in seed yields occurred 
only when the soybeans inoculated with 
Endogone macrocarpa were also nodulated. 
Mojallali and Weed [1978] observed increased P 
uptake from soils of low fertility in the pres- 
ence of mycorrhiza, but plants that were not 
inoculated with nycorrhiza were P-deficient. 
However, K-deficiency symptoms developed in 
plants where mycorrhiza had prevented a P- 
deficiency. An enlarged uptake of P is usu- 
ally observed. The suggested mechanism is 
the dissolution of soil P by the acidifying 
effect of sthe micorrhuza, 

Foliar applications of P in combination 
with other nutrients are the object of cur- 
rent study. New compounds suitable for fo- 
liar applications of P were identified by 
Barel [1976]. Ammonium tripolyphosphate in- 
creased soybean yields significantly in a 
field trial. Soybean leaves can tolerate 
only two-thirds to three-fourths of the quan- 
tity applied to maize leaves (370 mug P/cm). 

Garcia and Hanway [1976] and Garcia 
[1977] used a P polyphosphate source in com- 
bination with quantities of N, K, and S in 
which thejratiocof NP. Kad Sawas) LOS] 7325. 
respectively, which reflects the composition 
of the seeds. Foliar applications were made 
3 to 4 times during the seed-filling period 
to prevent a depletion of those nutrients in 
the leaves fromthe translocation process and 
reduced uptake from the soil. 

Significant yield responses were reported 
—depending on the cultivars, time of appli- 
cation during the growing, number of spray- 
ings, and rate of application per spraying. 
Rates of application can also be too high. 
Garcia and Hanway found that 80, 8, 24, and 
4 kg/ha of N, P, K, S, respectively, led to 
the best results under the conditions asso- 
ciated with their yield responses were caused 
by greater numbers of harvestable seeds. 

McClure et al, [1976] discovered that 
ferulic acid at a concentration of 0.5 mM/I 
inhibited P uptake by soybean roots, but not 
the translocation of already absorbed phos- 
phatesinuthe, plant, 


Potassium Nutrition 


Potassium responses are governed by 
many factors. In developing regions such as 
Guyana and Brazil, new soils are being eval- 
uated for Kefertility [Shukla, 1970: Mascar- 
enhas et al., 1970]. Bhangoo and Albritton 
[1976] showed that K responses of 9 to 19 
percent obtained from K applications in Ar- 
kansas did not occur in dry years. The red 
tropical soils present new challenges. One 
study by Mascarenhas etal. [1976] described 
how liming such a soil raised the level of 
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available K and other nutrients enough to 
render any rate of K fertilizer application 
ineffective in increasing soybean yields. 

An almost limitless range of K require- 
ments and responses can be anticipated from 
a variety of soils in combination with cli- 
matic.conditions. The degree of leaching 
taking place over a long time depends not 
only on the rainfall regime and temperature, 
but also on soil texture. “Soil textareecen 
reyerse climate effects because Ceriaumacaes 
soils can retain K against the leaching power 
of the humid tropics. At the othereemerene 
are sandy soils that would be devoid of K 
fertility even in subhumid areas. Chesney 
[1973] reported on the response to K appli- 
cations on a clay loam in the humid tropics. 
An increased seed yield occurred during a 
particularly wet season, and the K effects 
were larger with higher rates of N applica- 
tion. Nelson [1977] published examples of 
economic returns from K applications in sev- 
eral areas of the United States and Canada. 

Potassium has an important side function 
besides direct nutrition in disease contren, 
Mascarenhas, Hirase, and Braga [1976] related 
K responses in soybeans to the available K 
content of the soil. They e€stablasneaea 
threshold value below which fertilizer appli- 
cation is desirable for two purposes: nutri- 
tion and the control of a fungus disease 
[Dtaporthe phascolorum (Cke et Ell.) Saece. 
var. sojae (Lehman)Wehm]; also, a maximum 
soil value above which further application 
has undesirable effects on the plant. Camper 
and Lutz [1977] described a combination of 
yield responses from K applications on sandy 
loam soil and the favorable effect of K on 
stem blight (Dtsporthe phaseolum), purple 
seed stain (Cercospora ktkuchitt), and seed 
shattering. 


Other Nutrients 


Despite their important nature, these 
nutrients have not been the subject of much 
direct research since previous reviews. Zinc, 
Fe, andMn interact strongly inthe absorption 
process. As is well known, Fe uptake is re- 
duced in the presence of high concentrations of 
zinc. Most of the literature on this subject 
has been reviewed earlier [Lingle, Tiffin, 
and Brown, 1963], but some thesis work has 
been reported from India [Napoor, 1972]. 

Conversely, Zn uptake is reduced by 
high Fe concentrations. Reddy, Saxena, and 
Pal [1976] found in short-duration uptake 
studies that Fe concentrations of 5 ppm or 
more strongly reduced Zn uptake from concen- 
trations of 0.005” to 5.0 ppm *of  zinceygeran 
concentrations of 1 ppm or less had little 
effect. Manganese also showed an interference 
with Zn uptake, but inadifferent manner. A 


linear decrease in Zn uptake from 0.5 to 5 
ppm occurred over a range of 0.05 to 5.0 ppm 
in Mn concentrations. Most of the reduction 
in Zn uptake from Zn solutions of 0.05 ppm 
occurred at the lower Mn concentrations. At 
a still-lower Zn concentration (0.005 ppm), 
the opposite effect occurred. The uptake of 
Zn was improved in the presence of Mn, es- 
pecially at higher concentrations. From nu- 
trient solution work, DeMeterio et al. [1972] 
reported that a deficiency of Zn resulted in 
reduced nodulation and N-fixation. 


Interaction of Irrigation and Fertility 


Since soybeans require relatively good 
moisture conditions, one would expect to 
find much research activity with irrigation 
ingrelation to fertility levels.. The oppo- 
Sitesappears to be true. 

Another handicap is often encountered 
in the term ''widely applicable." Irrigation 
levels may be defined on the basis of fixed 
intervals of time, quantities of water ap- 
plied, or "Class A'' evaporation pan data— 
which undoubtedly have significance under 
regional climatic and soil conditions, but 


have little relevance to broader applications. 


To be widely applicable, such results 
would have to be expressed in terms of mois- 
ture stress levels at a certain stage of plant 


development, e.g., in bars of tension because 


such units are independent of soil type and 
texture. Yet, this is seldom done. Simi- 
larly, fertility experiments frequently lack 
information about the environmental factors 
or inherent levels of soil fertility accord- 
ing to internationally acceptable standards 


concerning the availability of soil nutrients. 


Such experiments have little to contribute 
to an international evaluation of techniques 
relating to nutritional and fertilizer ap- 
plications. 

Lutz and Hale [1973] combined irriga- 
tao eelime, P, and K fertilizer rates and 
plowsole placement in India. Seed and hay 
yield responses from irrigation occurred, 
but the degree of moisture stress on unir- 
rigated plots was not determined. The num- 
ber, weight, and size of the seeds were all 
increased greatly. The oil content of the 
seed was also significantly increased by ir- 
Yigation (approximately 0.5 percent). Fer- 
tilizer treatments had no significant effect 
on yields, and there was no evidence that 
the nutrient requirements changed under ir- 
rigation treatments. Irrigation did not af- 


fect the concentration of Pand Kinthe leaves. 


When residual effects are considered, 
another complication enters the field of ir- 
rigation and fertility investigations. All 
treatments must be repeated for a second 


season. Also, the effects of irrigation or 
fertility during seasons may not be compar- 
able. Therefore, it is desirable to reserve 
spaces in the field design for identical 
treatments that will be applied during the 
second season. In this way, the residual 
effects can be expressed as a fraction of 
the original direct effect, had it been ap- 
plied during the second season. 

Ladd and Lakbhor [1976] studied the re- 
sidual effects of irrigation and of N and P 
applications on soybean yields. They found 
that the available P content ‘of the soil be- 
fore soybean planting was raised by the qual- 
ity of therivrigation water, ethe' rate? of P 
applied ands the itnteractiony of, 1exs Nox) P 
during the previous season. The subsequent 
soybean yields were increased by the same 
irrigation treatment that had raised the 
available P level’ of the soil. The’ experiment 
did not allow for the separation of the re- 
Ssidual effects of irrigation and phosphorus. 
It would have been necessary to include a 
newly irrigated plot during the yield test 
to resolve this problem of confounding irri- 
gation and P effects. 


CURRENT RESEARCH 


Effects of Foliar Fertilization and Irrigation 
Timing on the Yield Response of Soybeans 


The foliar fertilization of soybeans is 
a new practice, particularly in the Midwestern 
states. The Allied Chemical Corporation has 
manufactured a foliar fertilizer solution, 
Folian, which became available commercially 
for the, first: time. in, 1977, 

Results from research performed at Iowa 
State University during 1974 and 1975 [Garcia 
and Hanway, 1976] indicated that soybean 
yields could be increased by as much as 1,570 
kg/ha by using a foliar fertilizer spray. 
Yields were the highest when soybeans were 
sprayed with the solution 2 to 4 times at 7- 
to 10-day intervals during bean development 
(the pod-fill stage). | The tertilizer solu- 
tion contains N, P, K, and S in specific pro- 
portions. The optimum total application rate 
was determined to be approximately 80, 8, 24, 
and 4 kg/ha for N, P, K, and S, respectively. 
The yield increases appeared to be due to 
increases inthenumber of harvestable beans. 

One objective of the field study at Fort 
Collins during 1976 and 1977 was to be de- 
termine whether foliar fertilization in- 
creased the yield of soybeans grown under 
irrigation and to evaluate the response under 
different timings and levels of application 
of irrigation water. 


EXPERIMENTAL DESIGN AND TREATMENTS. The 
soybean variety Hodgson (short-season, group I 
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maturity) was inoculated just before seeding 
and was planted in rows 56 cm apart on June 
7, 1976. The plant population was 205,000 
perphectare. 

Prior to planting, the plot area was 
irrigated by sprinklers with approximately 
50) em of; water to bringathestop 259 cmLor 
the soil profile to field capacity, “Afters1 
cultivation, neutron probe access tubes were 
installed and the field was divided into 4 
plots.* Thegplots: consisted. o£f160 rowssoF 
soybeans, each row being 15.3 m long. Each 
plot was divided into 2 subplots. One sub- 
plot was foliar fertilized and the other was 


The soybeans that were to be fertilized 
by the foliar method in 1976 were sprayed 4 
times at intervals of 7 to 10 days after bean 
development had started with N, P, K, and S 
in the fertilizer solution. —Thestotaienu. 
trient application was approximately 80, 8, 
24, and 4 kg/ha of N, P, K, and S, respec- 
tively. The sources of the nutrients were: 


N-Urea 

P-Potassium polyphosphate : 

K-Potassium polyphosphate and potassium 
sulfate 

S-Potassium sulfate 


not fertilized. The vonly-otherpfertilizer 
applied was 92.1 kg/ha of P distributed evenly 
overithesentare fieldsbefore plantings 

A single sprinkler line extended through 
thescenter of the field paraliel toy thesrows: 
The experimental design provided for a uniform 
water application parallel to the sprinkler 
line, with decreasing applications as the 
distance from the line increased. Thus, the 
outside rows (treatment A) would receive lit- 
tle or no water during an irrigation, while 
the rows close to the sprinkler line would 
receive high levels of water (treatment E). 
The plots were separated by borders 30.5 m 
wide and borders half that wide at the two 
ends, ofsethe field, Foursirricataon wreat— 
ments were incorporated. This allowed for 
periods of water stress during critical stages 
of growth. 


In 1977, the soybeans were sprayed 3 
times at 7-day intervals. The total nutrient 
application was 60, 6, 18, and 3 kg/ha of N, 
P, K, and S, respectively, applied aseFoizan- 
The plant population in 1977 was 223,500 kilo- 
grams per hectare. 

The soybeans were harvested for seed 
and samples were sent to the National Soybean 
Laboratory at Urbana, Illinois for an analy- 
sis of the protein and o1] %content. 


SOIL MOISTURE MEASURING AND DETERMINING 
EVAPOTRANSPIRATION. The moisture content of 
the soil was evaluated by using the neutron 
scatter technique.” From thestime thesacces> 
tubes were installed, neutron probe readings 
were taken at depth intervals of 30.5 cm 
just before each weekly irrigation. Neutron 


Table 1. Summary of Irrigation and Fertilizer Treatments, Soybean Field Study, Ft. Collins, 
Colorado, 1976 Vandy o77, 


Stage of growth 


Treatment Fertilizer Pod Bean 
designation treatment Flower development development 
1976 

OIII Peed Irrigation Irrigation Irrigation 
OIII-F Foliar application Irrigation Irrigation Irrigation 
OIO! sare Irrigation Irrigation 
OIOI-F Foliar application Irrigation Irrigation 
OOOI rats a Irrigation 
OOOI-F Foliar application eae Irrigation 
0010 eae Irrigation 

OOIO-F Foliar application Irrigation 

1977 

0100 a eeark Irrigation 

OIOO-F Foliar application Irrigation arerate whet’ 
O11T nA. Irrigation Irrigation Irrigation 
OIII-F Foliar application Irrigation Irrigation Irrigation 
0010 we ate Irrigation 

OOIO-F Foliar application Irrigation aes 
OOII ees Irrigation Irrigation 
OOII-F Foliar application Irrigation Irrigation 
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readings were taken to a depth of 244 cm, 
resulting in the determination of the water 
content in the soil profile at depths of 15 
to 259 cm below the soil surface. The water 
content in the top 15 cm was considered con- 
stant prior to each irrigation. The ratio 
of soil-to-shield counts detected by the 
neutron probe at each depth interval was con- 
verted to millimeters of water per 30.5 cm 
of soil depth. Soil moisture tensions were 
determined for each week throughout the en- 
tire rooting zone. 

The quantity of water to be applied 
during the weekly irrigation for each treat- 
ment was determined according to the moisture 
content of the soil profile by calculating 
the amount of water required to bring the 
soil profile to field capacity immediately 
adjacent to the sprinkler line. 

Evapotranspiration for each treatment 
after neutron probe access tubes had been 
installed was calculated using a water-balance 
method. The evapotranspiration for a given 
week was determined by calculating the change 
in soil moisture from the previous week to 
the current week and adding any precipitation 


or irrigation that had occurred during that 
week. Drainage was determined by subtract- 
ing the maximum ET (calculated using the 
equation of Kanemasu involving leaf area, 

air temperature, saturation vapor-pressure 
curves, and solar radiation) fromthe measured 
water loss for the period. Drainage was 
found to be nonexistent in every case. 


RESULTS. The soybean yields presented 
in Table 2 show a contrast between the re- 
sults for the two seasons. In 1976, there 
was a generally positive response from foliar 
fertilization;#but’ in 1977, «which: had: asfta- 
vorable season with high yield levels, foliar 
fertilization caused a reduction in yield. 
Seed yields in 1976 as well as the responses 
from foliar fertilization increased in the 
direction of higher water application levels 
(A to E), at least in the plots irrigated 
during the flowering, pod-set, and grain-fill 
periods. Plots receiving irrigation water 
during 2 or only 1 of the periods showed more 
variable results in grain yields as well as 
responses from foliar feeding than those re- 
ceiving irrigationmnoall 5 periods: 


Table 2. Soybean Yields, Evapotranspiration and Yield Increase due to Foliar Fertilization 
in 1976 and 1977 at Each Water Application Level, Ft. Collins, Colorado 
1976 LOT 7 
Water Bean yield vere la Bean yield Yield 
application BT (kg/ha) increase ET (kg/ha) increase 
level (mm) 0 F (kg/ha) (mm) 0 F (kg/ha) 
O1rLe CLT 
A 257 880 9335 303 15562 1,439 -123 
B 305 1,240 Eats ee | Ieo72 eke 0 -152 
C 376 lrg peat 2,064 ao2 25002 Leer 24. -228 
D 468 1,680 1,994 430 22138 1,940 -198 
E 534 1560 1,945 484 P3976 29S LF, 
O1aT4 01004 
A 248 O01 842 301 1,405 1.516 111 
B 284 926 1194 ENS) 1,628 e319 Ou 
G 338 byes 175904 346 2,024 1963 -61 
D 423 1,452 Ly335 360 1,982 2,046 64 
E 467 15.550 1,474 557 BAO SZ DL ehh -159 
ooor4 oorr4 
A 254 L319 Ply, 276 1,634 Vesiz -322 
B Z43S 1,266 Ms ea 305 2,2L1 1,818 -393 
C 287 1,588 LS7O/ 342 25502 2elG5 -337 
D 296 1,360 Loon 370 2,028 2,556 -1,390 
IB Sale 1,439 1,424 431 25902 2,743 -219 
oo104 oor0# 
A 2AT 922 P2008 280 1,646 LAS iL -135 
B Pas 1,020 1,254 3507, 2,166 1,971 -195 
C 259 1,426 1,459 314 2,443 — 2,184 -259 
D 284 L520 1,836 55 apoOL Zot2t -241 
E 293 1,936 1,962 Sol 25038 23091 53 


aTreatment designation, as shown in Table l. 


eS 


The: findings at Fort«Gollins=reficct 
therstatus ofsfoliar fertilization’ élsewhere: 
The effects of many factors such as optimum 
time of day for application, removal of mois- 
ture stress levels, reduction of leaf burn, 
breakdown of N compounds and volatilization 
as NH3, seasonal conditions, rainfall variety, 
and location are not fully understood. In- 
consistent responses are accumulating for 
other field crops, such as maize and dry 
beans. 

An overview of soybean research on the 
nutritional requirements of the plant under 
irrigation points to an urgent need for plan- 
ning and international coordination. 
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Soybean Yield Response to Multi-Limiting Soil Factors 


M.E. SHAWKY, E. ABD-ELNAIM, A.A. EL-GAYAR, 
AND M.F. KANDIL 


ABSTRACT: 


Fieldwork was carried out at the Agricultural Experiment Station of 


the Faculty of Agriculture, Cairo University, to study the combined effects of 
inoculation, irrigation, and fertilizer levels on the grain yield of soybeans 


grown on nonsaline, nonalkaline, alluvial clay loam soil. 


Treatments in this ex- 


periment included three levels each of nitrogen fertilizer, phosphorus fertilizer, 


and irrigation water. 
maturing soybean cultivar. 
with Rhtzobtum japonteum. 


These were applied on one early maturing and one late- 
Half of the planting of each cultivar was inoculated 


In general, the highest yields of soybeans were obtained with inoculation, 
with the second level of irrigation (75 percent available water), with 143 kilo- 
grams of nitrogen per hectare, and with 31.2 kilograms of phosphorus per hectare. 


SOYBEANS ARE KNOWN TO SUPPLY LARGE 
AMOUNTS OF HIGH-QUALITY PROTEIN that can be 
substituted for animal protein in the human 
diet. The crop was recently introduced into 
Egypt, but accurate information is still 
needed about the fertilization and irriga- 
tion requirements of soybeans in Egypt. 

The judicious use of different fertil- 
izers is beginning to overcome the problems 
of providing available plant nutrients. 
Adequate irrigation is considered necessary 
for high crop production. Although the re- 
sponse of a crop to different soil moisture 
regimes, in the range between the field 
capacity and the wilting percentage, i5 a 
matter of great agricultural importance, 
there is no information on the nature of 
the response. 

Kramer (1949) and Israelson and Hansen 
(1962) reported that the soil moisture with- 
in the available range differs in its accessi- 
bility to plants. The term readily available 
motsture is used to refer to that portion 
of the available moisture that is most 
easily extracted by plants, and is approxi- 
mately 75 percent of the total available 
moisture. 

Rogers and Good (1952) and Shockley 
(1955) also support the hypothesis that 25 
to 50 percent of the available moisture is 
not readily accessible for the maintenance 
of rapid crop growth. Growth reduction was 


associated with water tension in the sub- 
strate, to the reduction in hydration of 
the protoplasmic proteins and in apparent 
photosynthesis, and to an increase in the 
rate of respiration, 

Maples and Keogh (1969) and Keogh and 
Maples (1974, 1976) studied the effect of 
different levels of nitrogen, phosphorus, 
and potassium fertilizers on soybean yields. 
Garcle et al. (1970) stated that inocula- 
tion, combined with nitrogen and phosphorus 
fertilizer, greatly increased soybean yields. 
The optimum rates of fertilizer per acre 
were 30-18-0 after wheat and 60-18-0 after 
sorghum. 

Hinkle (1943), Gracia and Khalil (1948), 
Aladjem (1952), Stitt et al. (1955) 
June and Smith (1959) found that by increas- 
ing the amount of phosphorus fertilizer, 
yields were increased and residual levels 
of available phosphorus were built up for 
the next crop. On the other hand, Russel 
(1961) reported that a phosphorus applica- 
tion that is larger than the amount re- 
quired by the plant sometimes depresses 
seed and straw yields, especially in light- 
textured soils and during dry years. This 
result is attributed to the acceleration 
of the maturation process. 

Ghorashy et al. (1972) showed that 85 
kilograms of nitrogen per hectare, applied 
at planting or at the flowering stage of 
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soybeans, produced the highest yield the 
first year, but that in the second year, 
bacterial inoculation produced the highest 
yield. 

The current work studies the effect of 
a combination of irrigation, inoculation, 
and fertilization levels on soybean culti- 
vars under Egyptian conditions. 


MATERIALS AND METHODS 


The current work was conducted at the 
experimental station farm of the Faculty 
Op tAgnicul ture, «Cairo University, Cairo, 
Egypt, on an alluvial clay loam soil that 
is nonsaline and nonalkaline. The general 
characteristics of the investigated soil 
ere presented in sTable 1 

The research area was split into two 
large subdivisions. One subdivision was 
planted with the cultivar Clark, which is 
characterized by early maturity (four 
months), and the other subdivision with 
Hampton, which is characterized by late 
maturity (six months). 


Treatments 


The effect of the combination of Rhi- 
zobtum, irrigation, and fertilizers was 
considered as follows: 


I. Rh eobpiin «(B): 


Half of each subdivision was inoculated 
with Rhtzobtum japonteum (B,) and the 
other half was not (Bz). Inoculation 
was accomplished by soaking soybean 
seeds in a liquid culture containing 

R. japonicum. A six-day-old liquid 
culture of medium 79 (Allen 1959) of 
slow-growing R. japonteum was used at 
the rate of 10 milliliters of liquid 
per kilogram of seeds. The seeds were 
mixed with fine earth and planted by 
the herati method (planted in wet soil) 
immediately after inoculation. 


Voenirrigation»({1): 


Immediately after planting, irrigation 
water was applied to encourage bacte- 
Pidieactivity, eoAtter energence, the 
following irrigation regimes were ini- 
tiated for both cultivars: 


I, = Irrigated with 100 percent avail- 
able water (moisture ranging from 
95etool0s*percent) . 

Iz = Irrigated with 75 percent avail- 
able water (moisture ranging from 
70 to 80 percent). 

Iz = Irrigated with 50 percent avail- 
able water (moisture ranging from 
AS LOE oo percent) . 


Moisture was controlled by direct daily 
determinations of the moisture content 
at therdepth wf) 0ite60 centimeters 
(rooting zone). The application of 
water was controlled by adding the water 
through a gauge meter. 


3. Fertilizer (nitrogen and phosphorus): 


Fertilizer, as nitrogen and phosphorus, 
was applied 30 days after planting, fol- 
lowing irrigation. The treatments were 
nitrogen as ammonium sulfate (20.5 per- 
cent nitrogen) at rates of 0 kilogram 
(N}), 74 kilograms (N2), and 143 kilo- 
grams (Nz) of nitrogen per hectare; and 
phosphorus as superphosphate (6.98 per- 
cent phosphorus) at the rates of 0 kilo- 
gram (P;), 15.6 kilograms (P3), and 31.2 
kilograms (Pz) of phosphorus per hectare. 


Experimental Design 


Treatments were applied in* a7 factorial 
design (2 x 3 x 9) on each soybean cultivar 
in a completely randomized block design with 
three*replications: ‘The*harvest ares. of 
each plot was 4 square meters and included 
three rows that were 2 meters long and 2 
meters wide? "To allow for the lateral seep- 
age of water, 1 meter of border was in- 
cluded Ch’ the sides of each plot. 9" The plots 
were planted in May, 1975. 
data sare presentedvin’Tabler2. 


Methods of Analysis 


The soil was analyzed using the fol- 
lowing techniques. 


1. Particle-size analysis was done by the 
international method according to Piper 
(1950), using NH4OH as the dispersing 
agent. 

2. Calcium carbonate was measured by the 
Collins Calicimeter method according to 
Wright (1939). 

3. Organic matter was measured by the modi- 
fied Walkley's method according to 
Jackson (1967). 

4, Total soluble salts were determined con- 
ductimetrically according to Jackson 
(1967). 

5. Exchangeable cations were determined 
using Hissink's method as described by 
Piper (1950). Exchangeable calcium and 
magnesium were determined by the versi- 
nate method according to Jackson (1967). 
The sodium and potassium were determined 
photometrically, using a Perkin Elmer 
flamephotometer, according to Jackson 
(LOG7): 

6. Soil moisture desorption curves were 
determined according to Shawky (1967). 


5g 


The climatological 


7. The wilting percentage was determined 
using a pressure membrane according to 
Stakman and van de Harst (1962). 

8. Nitrogen was measured by the Kjeldhl 
method according to Jackson (1967). 

9. Phosphorus was measured by the Olsen 
method according to Jackson (1967). 


RESULTS AND DISCUSSION 


The yield of soybeans was increased 
on all inoculation treatments including 
iB, celdiowaKsi, Jy ar INRA JB) Se Wy Jey SP INN) de lg 
and .By*+ NP +olo) (lablec3)., Theshwehest 
yield was obtained when all three treatments-- 
B,, NP, and I were applied. Rhizobium 
inoculation was necessary to maximize the 
response in soybean seed yield from NP ap- 
plications. Therefore, inoculation is an 
economical practice for increasing soybean 
yield for the following reasons: 


(1) Inoculation treatments had a profound 
effect. on the soybean crop,  This,ef- 
fect is expected because inoculation 
is the.main Sourcesof nitrogen jan gthe 
soil. A Supply of natrogen for the 
plant can be obtained easily from this 
source (Weber, 1966) and the indirect 
effect of inoculation provides a suit- 
able physical environment for plant 
growth (Weavers eteal.. »L9 7/2). 

(2)) Yield ditrerenices weressigniricant, 
depending on the irrigation treatment 
used. The highest yield was obtained 
by using 100 percent available water 
(I,). However, the economical use 
of water will depend on other factors 
that limit growth. 

(3) There were -sipnificantauumrercices 
between the N3 nitrogen fertilizer 
treatments and both the Nz and N, 
treatments; there was also a signifi- 
cant increase in yield between No and 
N, treatments. This result indicates 
that soybeans give higher yields with 
higher levels of nitrogen These re- 
sults are in agreement with those of 
Izawa and Osi (1967) and Ishizuka 
CLOZO 

(4) Yield differences were not significant 
between the P>, and P; treatments. 
However, there was a highly signifi- 
cant difference between the P, and Py 
treatments. The soybean plant re- 
quires phosphorus as a constituent 
of seeds, nucleoprotein, and ADP. 
Phosphorus is a main nutrient for 
bacterial activity as reported by 
Fletcher and Kurtz (1964), Anthony 
(1967), and Kattivet’ al’ (1970). 
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The interactions of I and B treatments with 
the soybean cultivar and nitrogen and phos- 
phorus fertilizer were found to be as 
follows: 


(1) The interactions between B and I treat- 
ments showed that the B, treatments 
gave the highest soybean yields. The 
highest values were recorded with the 
I, level..(5,706. kilograms) per teddany, 
followed by the I, treatment level: 
(5,536 kilograms per feddan). Decreas- 
ing the irrigation level totSs0epercent 
of the available water (13) resulted 
in a significant decrease win yreld 
with or without inoculation. The con- 
clusion is that at least the I, level 
of irrigation was needed for maximum 
Rhizobtum activity because this irri- 
gation level gave a suitable air-water 
balance for maximum growth and yield. 

(2) The effect of interaction between B 
and N treatments on soybean yield was 
highly significant. When inoculated 
plots were fertilized®at thevitines: 
level of nitrogen, (Nz), theshiene=s 
yield (6,638 kilograms per hectare) 
was obtained, followed by plots 
inoculated and treated at the No level. 
The noninoculated plots that received 
the highest level of nitrogen (N3) did 
not yield as much as plots that ire- 
ceived the lowest inoculated treatment. 
Inoculation seems to be a major factor 
in producing higher yields. Higher 
yields were achieved on inoculated 
plots that also received an application 
of nitrogen fertilizer, “Thiseappeee 
tion may have enhanced the size of the 
nodules and may have caused additional 
bacterial activity, which maximized 
soybean yields. 

(3) The interaction between B and P treat- 
ments shows significant differences. 
Inoculated plots treated atuthesr. 
level yielded significantly more soy- 
beans than the Py plots, and the Pog 
treated plants yielded significantly 
more than the P,treated plants. The 
yields of the noninoculated plots in- 
creased significantly with each in- 
crement of phosphorus fertilizemenaer 
was applied. Thus, the same conclu- 
sion can be reached for phosphorus 
as for nitrogen application on non- 
inoculated plots. However, on inocu- 
lated plots, yield increases were 
Significant only with the P, treat- 
ment. When phosphorus was applied, it 
affected the number of nodules and 
higher yields were obtained. This agrees 
with thétresults of Kattiet al. Goya 


(4) 


(5) 


(6) 


The effect of the interaction between 
nitrogen levels and irrigation showed 
that the lowest yields with all three 
nitrogen treatments were on the plots 
that were irrigated at the I3 level. 
Higher yields were obtained with the 
N,; and No fertilizer rates on the I, 
level, followed by the N, I» treat- 
ment. 

Yields were the same on both the plots 
treated with Po and P, that were ir- 
migated at levelrl;. Yaeldsion the 
Plots irrigated at thevl, level) were 
Similar for both phosphorus treat- 
ments. Yields from all other treat- 
ments were significantly lower. Plots 
treated) with phosphorus fertilizer 
always needed higher soil moisture to 
enhance the availability of the fertil- 
beer: 

Woereswere no Significant, differences 
among yields obtained with Py Ni, Py 
Ni Or Py No treatments. Other plots 
treated with phosphorus and nitrogen 
had significantly lower yields. These 
data illustrate the need for adequate 
nitrogen and phosphorus fertilization 
ferethe highesteyields. The triple 
interactions, shown by an analysis of 
variance, indicated that: 


(a) Yields for all noninoculated 
plots were significantly lower 
when compared with inoculated 
plots, regardless of the nitrogen 
and phosphorus treatment. The 
highest yields were on inoculated 
DlOtsewects tne, Py oNi, Po oNy, and 
P,; No treatments. This indicated 
that the P, level was sufficient 
to enhance bacterial activity 
andythat the bacteria could then 
fix enough nitrogen to compensate 
for the application of nitrogen 
PELE PLAZeL 

(Doe tne triple winteraction between B, 
N, and I showed that either the 
I, or Ig irrigation treatment, 
combined with the Ny nitrogen 
fertilizer level, were the best 
treatments when the plots were 
inoculated. The noninoculated 
plots were significantly lower 
in yield than all nitrogen and 


irrigation treatments of inoculated 


plots except. those that are irri- 
@ateo lat Loew benlevel lhe Ns 
and N,; nitrogen levels with the 
I; irrigation level gave the high- 
est soybean yield for the nonin- 
oculated plots. 

(c) © The triple anteraction between 
Rhizobtum, phosphorus, and irri- 


gation showed that the I. irriga- 
tion level with either P» or P, 
were the. best treatments: for in- 
oculated plotss | The’ Poeand: Py 
treatments with the I, irrigation 
level resultedgan theshvghest 
yield on the noninoculated plots. 
The same Py and P; treatments gave 
similar results on inoculated plots 
when they were irrigated at the 
Tele vielly 

At the 13 level of irrigation there 
was no Significant difference in the nitrogen- 
and phosphorus-treated plots. 

In general, the inoculation of soybean 
seeds before sowing with the proper Rhi- 
zobtum strain can be recommended. Phosphorus 
fertilizers should be applied both as a 
source of phosphorus for the plant and to 
activate the vigor of and promote the in- 
crease in Rhtzobtum bacteria. 

Nitrogen Tertvlizerican@besappiied mot 
only to activate the nodules but also as a 
supplemental source of nitrogen, which is 
needed in adequate quantities for proper 
protein and fat formation in the seed. 

The moisture level in the soil must 
not be reduced below 75. percent of the 
available water in order to achieve an ade- 
quate moisture level and to maintain a de- 
Sirable air-water balance to produce higher 
soybean yields. 
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Table 1. Selected Characteristics of the Soil in the Experiment Field, Cairo University, 
Giza, Egypt 


rere 


Mechanical analysis, o.M> Cacoc F.C.© WP. 
percentage (per- (per- E.c.4 (per- (per- 
Depth Coarse Fine Class cent- cent- mm.ha/cm_ cent- cent- 
(cm) sand sand) Silt  “Clay) “texture* age) age) ab 25 eG, age) age) 
0-10 1io2 oO. ~ 4.4 35.8 9) Clay loam 226 2.67 1553 32.7 12.4 
10-20 1594 29.7 24,.4~ § 36.60% Clay Joam rs 5.05 05 24.9 14.0 
20-30 1.35 OUSU el. o ) Mode Malay Les 2.09 Osa t 363.9 L522 
30-40 TO £So0 [i2eebi (29 7sn0 Clay 0.65 Lode 0.88 Sade) 16.1 
40-60 1.48 65.0 oro | 24 aseepoandy "clay 0205 2.84 155 Pa 7.4 
loam 
TotalJ 
; h N : 
Tih | gee Uo (per- Soluble) Solublek 
Depth Me g/ h Mgh : cent- N N 
(cm) 100g Ca Meg/100g. Nah = age) ug/ml ug/ml 
0-10 46.8 24.2 14.5 8.8 0.29 0.10 100 19 
10-20 42.8 FAURE, Ton6 6 0. 23 0.09 95 20 
20-30 44.9 ide 12.00 L062 Us25 0.06 45 18 
30-40 40.6 Less LS5S 8.2 0523 0.06 80 19 
40-60 21.0 10.3 4.8 ow 0.24 0.03 35 18 


4International method; dispersion with NH,OH. Piper (1950). 


bModified Walkley's method. Jackson (1967). 
©Collins Calcimeter method. Wright (1953). 
Soluble salts determined conductimetrically. Jackson (1967). 
Soil moisture desorption curves. Shawky (1967). 
fpressure membrane. Stakman and Vanderhast (1962). 
SHissink's method. Piper (1950), modified by Gohar (1954). 
NVersinate method. Jackson (1967). 
1Flame photometer. Jackson (1967). 
JKjehldahl method. Jackson (1967). 
Kolsen method. Jackson (1967). 


Table 2. Climatological Data from the Experiment Site, 30°02'N Latitude, 31°13'E Longitude, 
Cairo University, Giza, Egypt 


Temperature, moisture, and wind May June July August September October 
Mean monthly maximum temperature (C) S128 4 24,80 (5453 34.4 32.6 30.2 
Mean monthly minimum temperature (C) Loe eek oso mee 20.4 18.6 16.0 
Mean monthly temperature (C) Zool ao 2! 0 me 20. -o Zona Zead 
Mean monthly relative humidity during day 

(percentage) SS Umeeoe. On Foz. 360.0 66.0 66.0 
Mean monthly evaporation (mm/day) licSa 1Sedup 15.4 aus a WWE 
Mean monthly precipitation (mm) iNagt! G0 20..0" Trace 0.0 Ors 


Computed mean monthly wind velocity 
at 2m height ANE NPS et SE AAS) ail, Zed -- 


Enea a a ae a eT a SS a i Le eee Oo 
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Table 3. Soybean Yields (kg/ha) Under Varying Irrigation and Fertil- 
izer Treatments as Affected by Rhtzgobtum Inoculation at 
Cairo, Egypt (See footnotes for a description of the treat- 


ments.) 
1) 

N P R 13 kg/ha 13 Average 
No Po B+ 50025 55275 850 2, 585 
B- 2330) 1,900 51D 1, 54d 

1,962 

Py B+ Sone Del 25 15.390 6,267 

B- 4,200 3, 025 675 2/055 

4,450 

Po B+ 6,600 9,200 15550 5,735 

B- 5,730 5675 900 44162 

4,973 

Ny Po B+ 7,000 6,075 1,500 4,792 
B- 3,950 2,000 625 25192 

3,492 

Py B+ 7,475 8,250 17475 baie 

B- 4,425 bolo 900 27385 

4,308 

Po B+ 8,125 Le as 1,650 6,517 

B- 4,650 5,950 15325 55508 

4,813 

No Po B+ 7,800 8,475 Vers 5, 000 
B- 3,800 2,450 625 2202 

A O71 

Py B+ 9,300 OF225 1,475 6,667 

B- 4,650 3,900 950 ira Roy: 

4,917 

P B+ theyre 8,400 17625 6,183 

B- 4.750 AAS Leh RCW eS 

A FLY 

Average B+ LS Fee) a | 1,394 By S50 
B- 4,058 oy 161) 836 2,685 


Average for 
irrigation 5,406 Rieke) i Mpeg a) dard lo?) 


N=nitrogen; P=phosphate; B+=Rhizobtum present; B-=Rhtzobium absent; 
I,=1irrigation at 95 to 100 percent; Iz=irrigation at 70 to 80 per- 
cent; I3=irrigation at 45 to 55 percent. 


Nitrogen Fixation and Rhizobium japonicum 
Carriers Under Irrigated Soil Conditions 


Y.A. HAMDI 


ABSTRACT: A review is presented covering the international activities on nitrogen 
fixation and Rhizobium japonicum. The topics discussed concerning R. japonicum 
include the: population density in soil; competition among strains; introduction 
into the soil (strain selection, types of inoculants, methods of inoculation, sur- 
vival of rhizobia on inoculated seeds, size of inoculum, persistance of rhizobia 
in soil, and response to inoculation); nitrogen fixation during symbiosis as well 
as the amounts of nitrogen fixed; major factors that promote or inhibit N-fixation 
(nutritional factors, seed coat diffusates, temperature, moisture, acidity, salin- 
ity, pesticides, and biotic factors); and the residual nitrogen remaining in the 


soil after a soybean crop has been harvested. 


THE RHIZOBIA-LEGUME ASSOCIATIONS are of 
considerable importance in agriculture. 
Among these, the symbiosis between Rhtgo- 
bitum japonteum and soybeans plays a signi- 
ficant role in the management of soybean 
production. The following review covers 
the recent information. available on &. 
japonicum in terms of the population den- 
Siti) S01); scompetition among strains, 
introduction into the soil, nitrogen fixa- 
tion as well as the amounts of nitrogen 
fixed, major factors that promote or in- 
hibit nitrogen fixation by soybeans, and 
the residual nitrogen left in the soil 
after a soybean crop. 


POPULATION DENSITY 


The population density of R. japonteum 
in different soils of the world varies 
greatly. The soils of Egypt and Iraq are 
void of R. japontcum [Hamdi et al., 1968; 
Ajam, 1974]. Certain fields in some coun- 
tries lack the R. japonicum strains, e.g., 
the Marlboro field in the United States 
[Weber et al., 1971] and the Darling Downs 
aneaustralia [Harty, 1974]. Even when &. 
japontcum is present, the density varies 
from soil to soil. The counts ranged from 
less than ten to more than a million cells 
per gram of soil in 52 soil samples taken 
in Iowa [Weaver et al., 1972]. About 80 
percent of the fields in which soybeans had 
been grown previously (at least once) had 
10,000 cells per gramormore of R. japontcun. 


Reliable counts of R. japontcun can be 
made by using the host plant in a biological 
assay in which dilutions made from a weighed 
quantity of soil are added to plants grown 
in a sterile medium in a Leonard jar system 
[Vincent, 1970]. The wild soybean (Glycine 
ussurtensts Regal Maack) was used as a test 
plant in dilution-nodulation frequency for 
counting bactéria ~[Brockwell.eb dheiel9/5)),. 
Weaver and Frederick [1972] developed a 
pouch technique to determine the most prob- 
able number of &. japontcum bacteria in the 
soil. Schmidt et al. [1968] described the 
fluorescent antibody approach to study these 
pacteria in chessoid, 


COMPETITION AMONG STRAINS 


The same factors, that enter anto the 
capability of rhizobium to establish a viable 
population in the soil in competition with 
the biota already present come into play more 
intensively in the rhizosphere. These fac- 
tors are augmented there by additional ones. 
Away from the root in the non-rhizosphere, 
the competition for substrate tends to favor 
other bacteria. In the rhizosphere, the com- 
petition for substrate seems to bé at least 
somewhat in favor of the rhizobia. 

According to reports, rhizobia are able 
to become well established in the rhizopheres 
of many legume and nonlegume plants. Apart 
from competition with other organisms in 
the rhizosphere, rhizobia must compete 
with each other not only for available 


Youssef A. Hamdi is Soil Microbiologist, Institute of. Soil and Water Research, Agricultural 


Research Center, Giza, Cairo, Egypt. 


45 


substrate, but also for nodulation 
sites [Schmidt, 1978]. 

A large number of reports deal with 
the competitive ability of R. japonicum 
strains [Caldwell ,. 1969. Vest vetoaca, 91973; 
Diatloff and Brackwell, 1976]. Studies of 
competition require the identification of 
the strains to be tested. Usually, this has 
been done by using immunological techniques. 
Other studies, however, have used chlorosis- 
inducing strains of R. japontcum [Means et 
al., 1961] and antibiotic-resistant marker 
strains [Schwinghamer and Dudman, 1973]. 


INTRODUCTION INTO THE SOIL 
Strain Selection 


Several criteria were identified by 
Date [1975] for use in selecting rhizobia 
strains for inoculants (1) \ettectiveness 
in No fixation andhost specificity; (2) com- 
petitive ability in nodule formation and in 
persistance within the soil; (3) soil pH 
and pesticide tolerance as well as prompt- 
ness of nodule formation at low or high tem- 
peratures and in the presence of high amounts 
of soil nitrogen; and (4) ease of growth 
and survival in a peat culture and the 
ability to” survive on ‘the inoculated seed: 

Exceptional strains of soybean rhizo- 
bia were selected by Pedrosa et'al. [1972]. 
These strains when grown for 7 to 8 days at 
30°C in a liquid medium containing 400 parts 
per million of DL-aspargine were inhibited 
60 percent more than others grown in a me- 
dium containing 100 ppm of DL-aspargine. 
Normal strains were inhibited much less, or 
not at all, when the higher concentration 
was used. 


Types of Inoculants 


According to Burton [1976], six types 
of soybean inoculants are available in the 
United States: (1) moist peat powder; 

(2) liquid or broth; (3) agar or bottle 
culture; (4) oil-dried rhizobia in vermi- 
culite; (5) lyophilized rhizobia in -tal¢; 
and (6) a granular-type peat inoculant de- 
signed for direct application to the ‘soil, 
A high-quality inoculant will provide 10° 
to 10© rhizobia cells per seed. 

Many attempts were made to develop 
other ‘carriers suitable=tor rhizobia,” Lor 
example: soil plus materials such as wood 
charcoal, coir dust (from the outer husk 
of the coconut), soybean-meal or plant 
compost; peat or soil ammended with material 
such as alfalfa meal or ground straw; Nile 
Silt with minerals; decomposed maize cobs; 
finely ground bugasse (the residue from 
Sugar cane pulp); coal-based inoculants; 
decomposed date palm leaves, alfalfa plants, 
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and city refuse; peat moss or lignite with 

1 percent soybean powder; rice husks; filter 
mud; and cellulose powder. All of these 
attempts were justified by tne lack of a suitable 
local supply of peat and because the materials 
listed were cheap and were readily available. 


Methods of Inoculation 


SLURRY METHOD FOR SOLID BASE CARRIERS. 
Slurry, as usually prepared, contains 4.4 
grams of peat per 9 milliliters of slurry. 
with sucrose or maltose (10 to 15 percent) 
used to improve the survival of rhizobia on 
the seeds (Burton, 1964). That quantity will 
treat 1 kilogram of seed. Gum arabic in com- 
bination with a peat base inoculum was bene- 
ficial in increasing the longevity opm 
zobia. 


GRANULAR INOCULANT. Granulated inocu- 
lant has been developed recently [Burton, 
1976]. Using this method, chemical treat- 
ments can be applied to the seeds without 
fear of killing thé rhizobia. Granulareine- 
culation is beneficial when soybeans are 
grown in hot, sandy soils or when the seeds 
are sown from the “air? 


LIQUID INOCULANTS. Hely et al. [1976] 
described a pressure-controlled, spray-on 
technique for inoculating legumes on a com- 
mercial scale. The technique was developed 
to place suspensions of bacteria accurately 
into the soil beneath seeds placed in sod- 
sown rows and to apply greater amounts of 
inoculant than can be carried on the seed 
by using present methods. 


PREINOCULATION METHOD. "Preinocula- 
tion'' is a term applied to the inoculation 
of legume seeds with rhizobia before selling 
them to the farmer, implying a storage 
period for the inoculated seed before sowing. 
Thompson et al. [1975] reviewed the preino- 
culation of legume seeds in the United States 
and Australia. They recommended: 

(1) displaying the preparation date on all 
batches of preinoculated seeds; (2) acquaint- 
ing retailers with the principles governing 
the storage of inoculated seed; and (3) ad- 
hering carefully to an expiration period of 
one month. 


SEED PELLETING. Pelleting legume seed 
with lime provides a way of protecting rhi- 
zobia from acid soils and fertilizers. Orig- 
inally, the seed was coated with an ad- 
hesive and finely divided CaC0O3; then, 
the rhizobia were coated on the outside 
of the lime layer. Several refinements 
were achieved in this technique, such 
as using different adhesives and coating 


materials [Brockwell, 1962; Herridge 
and Roughley, 1974]. 

Pelleting the soybean seed with rock 
phosphate or lime [Iswaran and Jauhri, 1969] 
or with Ca-humate [Iswaran and Chhonkar, 
1973] after inoculation with rhizobia mark- 
edly increased the number of nodules per 


plant and the production of plant dry matter. 


In acid soils, pelleting soybean seeds 
with lime gave the best nodulation and 
yields in the Phillipines [Bandoja et al., 
1974]. Using rock phosphate or lime for 
pelleting increased nodulation and yields 
im Naeeria with a.soil of pH 4.5; also, in 
Sierra Leone with a soil of pH 4.6 [Danson 
and Nangju, 1975]. 


Bacteria Survival on Inoculated Seeds 


Soybean rhizobia survive on the seed 
only for a short time. Therefore, it is 
important to sow the inoculated seed imme- 
diately in order to ensure maximum survival 
of the bacteria. On the other hand, when 
larger quantities of soybean seeds are ino- 
culated and a longer time is required for 
planting, the use of gum arabic is prefer- 
able for better nodulation, 


Quantity of Bacteria in the Inoculant 


Generally speaking, large numbers of 
rhizobia on the seed favor survival before 
planting as well as rhizobia multiplication 
in the rhizosphere during early nodulation. 
Several workers studied the relationship 
between the number of rhizobia on seed and 
nodulation. Burton [1968] indicated that 
nodulation on tap roots is closely related 
to the level of bacteria on the seed. When 
less than 10° rhizobia per seed are present 
at planting, few plants will have nodules 
on the tap roots. The largest plant size 
and number of nodules were obtained with 1.5 
to 3 x 10° rhizobia per seed. The plants 
were greener and produced a significantly 
larger seed yield. Thé lower level of 7.5.x 
10* rhizobia per seed was not adequate even 
under almost ideal conditions. 

the soils,ot, Egypt. are void of fF. 
japonicum. There, 81 to 93 percent of the 
plants formed nodules when inoculated with 
2.8 x 10© rhizobia per seed. However, only 
47 to 57 percent of plants grown from seeds 
inoculated with 2.8 x 10* cells per seed 
formed nodules [Hamdi et al., 1974]. 

In soils containing natural rhizobia 
populations, high rates of inoculation are 
required to cause a population shift in 
favor of the introduced strain. An ultra 
inoculation on soybeans of 2 x 10°? cells 
per seed has been suggested [Kapusta and 
Rouwenhorst, 1969 . Arateofathousand times 


the soil population of rhizobia was required 
to establish 50 percent of the total nodules 
from the introduced strain [Weaver and 
Frederick, 1974b]. 


Persistence of Rhizobia in the Soil 


The persistence of strains of rhizobia 
following their introduction into the soil 
has long been recognized as an important 
ecological problem. Enriching the soil with 
specific strains of R. japontewn boosted 
nodule numbers for only a short time in 4 
varieties of soybeans in India [Kabi, 1976]. 
Exotic strains lost their nodulating ability 
over a 3-year period. 

Bohlool and Schmidt [1973] used the 
fluorescent antibody technique for a time 
study ‘ol the. persistence of strain 110 in- 
troduced into uninoculated soil by burying 
glass microscope slides coated with the 
thvzobia:e | Injalds 4. soils tested.) 5 cells 
persisted for 2 to 4 months, even though 
the number of bacteria was reduced drasti- 
cally over) the: period. 


Response to Inoculation 


NODULATION. The inoculation of soybeans 
to be grown in rhizobia-free soil will en- 
sure nodulation when good conditions pre- 
vail [Hamdi et al., 1974]. However, strains 
of 2. japontcwn applied.at different rates 
and by different methods varied greatly in 
the proportion of nodules they formed on 
soybeans grown in soil containing other 
effective strains of rhizobia. The percent- 
age of nodules produced by strains applied 
at the standard inoculation rate averaged 
only 5 percent [Johnson et al. 1976]. Rais- 
ing the rate also increased the proportion 
of nodules produced by some strains, but 
not by others. In another study, 5 to 10 
percent of the nodules on plants grown in 
a field with an established population of 
R. japonicum bacteria were derived from 
the bacteria strains introduced into the 
601i) AcCaldwell and,Vest, 1970]: 

Weaver and Frederick [1974] indicated 
that in soils containing 1 x 10° or more 
rhizobia per gram, plants are not likely to 
be nodulated extensively by rhizobia ap- 
plied at 1 x 10% cells per seed. Under 
field conditions [Weaver and Frederick, 
1974b], a rate of 3.3 x 10° rhizobia per 
seed produced 65 percent of nodules on 
plants in soils containing less than 12 
rhizobia per gram. In soils containing 
10° rhizobia per gram, the same ino- 
culation rate produced 35 percent of 
the plant nodules. Weaver and Frederick 
suggested that an inoculation rate 
1,000 times the soil population must 
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be used to competitively establish 50 
percent of the nodules on plants. 

Inoculant mixed with moist builder's 
sand and drilled into the row at 10 times 
the recommended rate before planting pro- 
duced only 63 percent as many plant nodules 
as a peat inoculant applied at a similar 
rate [Hinson, 1969]. The proportion of 
nodules formed by an inoculant strain has 
been increased by applying large quantities 
of inoculant directly into the row at plant- 
ing time [Kapusta and Rouwenhorst, IRS/Z5 1) 

Boonkerd et al. [1978] evaluated the 
inoculation of soybeans by rhizobia strains 
62, 76, and 110 applied as peat orsliqurd 
inoculant at different rates of 1 and 10 
times the initial rate with peat and l, 

10, and 100 times with liquid inoculant. 
Inoculation by either method or with any 
rate did not affect nodulation or plant 
growth. However, when the level of strains 
62 and 110 in broth was 10 and 100 times 
the initial rate, ‘the recovery of; the ap- 
plied strain from the soil increased. Peat 
inoculant applied at the 10-times rate 

did not change the distribution of strains 
in nodules appreciably. 

Other factors than the quantity of 
inoculant govern the nodulation response 
of soybeans. Certain varieties of soybeans 
are more difficult to nodulate effectively 
than others {Vest ¢¢.al., 1973]. Burton 
[1976] indicated that Norman and Bragg soy- 
beans were not responsive to inoculation. 

Four genes affecting symbiosis have 
been described in soybeans. The homozygote 
nj, rie (formerly, no mo or um) was found 
to be resistant to nodulation [Williams and 
Lynch, 1954; Caldwell, 1966]. Roots of the 
rj; rj; plants secreted a substance that 
inhibited the nodulation of adjacent normal 
soybean or clover plants [Eelkan, 1962]. 
However, Eskew and Schardor [1977] showed 
that the nodulation inhibitor was not as- 
sociated with the rj; gene. 

The rjo gene is dominant and causes 
the ineffective response to some strains of 
R. japontcum. Plants formed only small nod- 
ules with white interiors. This reaction 
was first observed with the Hardee variety 
[Caldwell, 1966; Caldwell, et al., 1966]. 
The rjg gene caused an ineffective response 
by Hardee to rhizobia strain 33 according 
to Vest [1970] who also observed the forma- 
tion of many small, white, nodule-like 
structures. 

The rjy gene was reported as being dom- 
inant and as causing an ineffective response 
[Vest and Caldwell, 1972]. A strain-specific 
gene in the Geduld variety is thought to be 
associated with rhizobia incompatability 
[Balasundaram et al., 1972]. 
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YIELD INCREASE. Inoculating soybeans 
with effective strains of R. japontcum may 
increase yields when the bacteria are not 
present in the’ soil.” Whether inoculatrom 
is beneficial when seeds are planted in soils 
populated with effective rhizobia 229m 
doubt. No significant response to inocula- 
tion was obtained when soybeans were planted 
in soils containing rhizobium bacteria [Ham 
CL Gls, LOT4S “Rabi, 19761 

The response in terms of soybean yields 
to inoculation has been reported in differ- 
ent parts of the world. Subba Roa, and 
Balasundaram [1971] observed a significant 
increase of 14.3 to 25.7 percent 1m yreruae 
depending on location in India. Hera [1976] 
obtained yield gains of 16 to /S pereent 
through inoculating soybeans in different 
soil types in Romania. Raicheva [1976] 
showed that inoculating soybeans increased 
yield much more than applying 80 kg/ha of 
mineral nitrogen in Bulgaria. 

A significant response to soybean ino- 
culation has also been reported in Iraq, Egypt, 
Cuba, Nigeria, Tanzania, Ghana, Sierra Leone, 
Cameroon, the Democratic Republic of Madagascar, 
Zaire, Rwanda, Kenya, the Phillipines, Malaysia, 
and Thailand. 


NITROGEN-FIXATION DURING SYMBIOSIS 
Nitrogen Fixation 


Many aspects of symbiotic nitrogen have 
been studied using the acetylene-reduction 
method. Although symbiotic nitrogen fixa- 
tion by nodulated soybeans has been found as 
early as 14 days after planting [Hardy et al., 
1971], the major portion of nitrogen is 
fixed between the flowering stage and the 
formation of green beans, 30 to85 days after 
planting [Hardy et al., 1971; Weber et al., 
A ctl be 

Klucas [1974], using the acetylene- 
reduction technique, showed that nitrogenase 
activity decreased 60 percent between 58 and 
65 days after planting with Beeson soybeans 
and between 68 to 75 days with Galland. 

The seasonal profile of No-fixing ac- 
tivity (using the acetylene-reduction tech- 
nique) showed that initially, the activity 
of tap-root nodules was greater than that 
of nodules on the lateral roots; however, 
the lateral-root nodules ultimately exhibited 
higher rates [Sloger et al., 1975]. Estimates 
showed that nodules on lateral roots contri- 
buted about 60 percent to the amount of ni- 
trogen fixed; tap-root nodules, about 40 
percent. ~“AlSo, about” 38 percentrot tie 
lateral-root nodules were lost during the 
process of digging plants out of the soil to 
obtain nodule counts. 


In another study, maximum nitrate 
utilization occurred at full bloom. Symbio- 
tic No-fixation (using the acetylene-reduction 
method) peaked some 3 weeks later during pod- 
fill. Correlation of seed yield with ni- 
trogen fixation, combined nitrogen, or both 
showed that symbiotic No-fixation and ni- 
trate utilization appeared to be essential 
for maximum soybean yields [Harper, 1974]. 

Measurements of relative efficiency 
(RE) can be made by using the equation 


rate of H2 evolution in air 


RE=1 = = 
rate of acetylene reduction 


In the nitrogenase complex, measurements of 
RE in energy utilization showed that under 
controlled conditions for bacteria, tem- 
perature, and light, the efficiency of soy- 
bean nodules ranged from 0.44 to 1.0 [Evans 
et al., 1977]. Selected R. japonicum 
Strains 3-I-1lb-6, 3-I-lb-142, and 3-I-1b-143 
produced nodules of Anoka soybeans that 
evolved little or no hydrogen in the air. 
Relative efficiencies of near 1 were re- 
corded) for these strains. Plants grown with 
these strains produced 24 percent more dry 
matter and fixed 31 percent more nitrogen 
than other commonly used strains. 


Amounts of Nitrogen Fixed 


Estimates on the quantities of nitrogen 
fixed vary according to the evironmental 
conditions, efficiency of rhizobia strains, 
method of estimation, and so on. In Egypt, 
soybeans fixed 42 kg of N/ha [Rizk, 1966]. 
Vest [1971] showed that Delmar soybeans 
fixed 121 kg of N/ha, which was about 52 
percent of the total nitrogen found in the 
beans. 

Estimates based on the acetylene-reduction 
technique showed that the amount of nitrogen 
fixed in the Kent variety was 74 to 82 kg 
OfeN/ha [Hardy e¢ aZ.; 1968]. Weber et al. 
[1971] calculated the amount of N fixed at 
100 kilograms per hectare. In another re- 
port, [Sloger etal., 1975], soybeans were 
reported to fix 84 kg of N/ha, about a 
third of the plant and seed N, with a yield 
of 2,219 kilograms per hectare. Accounting 
for No-fixing activity from lost nodules, 
the estimate rose to 103 kg of N/ha, or 
about 40 percent of the plant and seed ni- 
trogen. 

Calculations of the amount of nitro- 
gen fixed on the basis of the total N con- 
tent of field-grown nodulating and non- 
nodulating isolines showed that 55 kg of 
N/ha was fixed symbiotically by field-grown 
soybeans [Ham, 1975]. 


MAJOR FACTORS PROMOTING OR INHIB- 
ITING N-FIXATION IN SOYBEANS 


The amount of No fixed by the legume- 
rhizobia symbiotic system is influenced by 
many chemical and environmental factors. 
These may affect the host plant or the 
rhizobia bacteria per se, as well as the 
development and effective function of the 
nodules. 


Nutritional Factors 


Nutritional factors may limit No- 
fixation by the legume-rhizobia symbiotic 
system in several ways. Nutrition may re- 
strict the development of a population of 
free-living siizobiarinsthe) rhizosphere, the 
growth of the host plant, or nodulation it- 
self and may also impair the functioning of 
the nodules. 


CARBON. The main pathway for carbon 
assimilation includes the acquisition of 
atmospheric carbon dioxide through photo- 
synthesis. Ample evidence is available 
that a supply of photosynthetic products 
must be provided to the nodules for nitro- 
gen fixation. 

The relationships between the photo- 
synthetic source and sink components were 
studied by Lawn and Brun [1974]. The effects 
of the following variables were studied for 
the soybean varieties Chippewa 64 and Clay: 
(1) supplemental light below the canopy, 

(Ze Ss0rpercentedepodding fir 25) percent 
shade; and (4) 60 percent defoliation on ni- 
trogen fixation. Acetylene-reduction activ- 
ity increased during flowering, reached a 
maximum near the end of flowering, and then 
declined markedly during pod-filling. The 
decline in acetylene-reduction activity was 
attributed to a drop ain specific activity 
within the nodules. Supplemental light and 
depodding maintained a level of specific 
activity in the nodules above that in the 
control plants. On the other hand, treat- 
ments designed to reduce the source-to-sink 
ratio of shading to defoliation decreased 
the specific activity of the nodules. Sup- 
plemental light also increased the weight 
and protein content of the seed. Shading 
and defoliation reduced these factors in 
both varieties. The conclusion was that the 
decline in N-fixation during pod-filling was 
caused by an inadequate supply of photosyn- 
thate to the nodules. 

Ching et al. [1975] showed that the ni- 
trogenase activity dropped by 50 percent one 
day after the daylength of the soybean plants 
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was decreased. The reduction was accompa- 
nied by a drop of 60 percent in sucrose, 70 
percent in adenosine triphosphate (ATP), 
and 55 percent in the production of ATP-ADP 
(adenosine diphosphate). 

Hardy and Havelka [1976] showed that 
enriching the soybean plants with carbon 
dioxide caused an increase in nitrogen fix- 
ation of more than five-fold by doubling 
specific activity in the nodules, doubling 
the average nodule mass, and extending the 
exponential growth phase. The nitrogen 
contribution was more than 80 percent from 
N> for COj-enriched plants compared to 25 
percent from control plants not treated with 
CO> gas. 


COMBINED NITROGEN. According to re- 
ports, combined nitrogen decreases the nod- 
ulation of legumes and reduces No-fixation. 
The degree of inhibition depends on many 
factors, including the concentration and 
form of the nitrogen applied, the time of 
application, and the rhizobia strains used. 

Beard and Hoover [1977] reported that 
soybean plants grown with no nitrogen fer- 
tilizer showed yellowing during early growth, 
but became dark green later in the season 
and exhibited no significant differences an 
yields. The number of nodules was reduced 
when nitrogen was added at planting time 
but not when nitrogen was applied at the 
flowering stage. 

Hatfield et al. [1974] indicated the 
importance of soil nitrogen for the initial 
growth of soybeans, even when inoculated. 
The dry weight of inoculated plants receiv- 
ing N at O and 2 weeks was significantly 
lower than that of inoculated plants re- 
ceiving N at 4 and 6 weeks. The dry weight 
of noninoculated plants receiving N at 6 
weeks was the same as for inoculated plants 
receiving N at 4 and 6 weeks. 

Olsen et al. [1975] showed that the 
yield of Bragg soybeans was not increased 
by nitrogen fertilizers applied to the sur- 
face of the soil at 112 and 224 kg of N per 
hectare. The yield was increased when N 
was applied at 448 kg per hectare. Nodula- 
tion was reduced by applying nitrogen on a 
soil with a relatively low content of or- 
ganic matter, but had less effect on a soil 
with a higher content of organic matter. 

Comparisons between nodulating and 
non-nodulating isolines of soybean showed 
that even the application of 200 kg of N/ha 
to the non-nodulating plants did not produce 
yields equal to the nodulated isolines 
[Singh et al., 1974]. The total nitrogen 
supplied through nodulation was equivalent 
to 100 kg of N per hectare. In another 
study, the grain yields of nodulating iso- 
lines with no nitrogen applied equalled 
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that of the non-nodulating isolines treated 
with N up to 224 of kg/ha [Bhangoo and Al- 
britton, 1976]. Symbiotic, nitrogen iaxation 
decreased to almost zero when nitrogen appli- 
cations exceeded 224 kilograms per hectare. 

The use of anhydrous ammonia did not 
significantly affect soybean yields but did 
reduce nitrogen fixation and nodule mass, 
The depression of the nodule mass was over- 
come by adding organic matter [Criswell et 
al., 1976]. Nitrate placed in the lower ‘10 
centimeters of a 30.5-cm soil column allowed 
greater nitrogen uptake by the roots and did 
not impair nodulation, as did nitrate dis- 
persed throughout the column [Harper and 
Coopex S71] 

Harper [1974], in an experiment using 
gravel as the soil medium, showed excellent 
nodulation of soybenas at a 25-percent con- 
centration of a modified Hoagland nutrient 
solution, fair nodulation at a 50-percent 
concentration, and no nodulation at a high 
concentration. 

Williamson and Diatloff [1975] examined 
the effect of urea, applied mt) ratechaasu, 
to 134 kg/ha of N on soybeans in Queensland. 
Nodulation and nitrogen fertilizer increased 
the seed size and nitrogen icontenGiore one 
seed in soils free of Rf. Japorntem,, pucsna- 
trogen fertilizer had little effect vometiee 
characteristics in soils containing R. japo- 
ntcum. Nitrogen fertilizer had a depressing 
effect on nodulation in soils with decreas- 
ing moisture and a high temperature. In 
soils with R. japonicun, this depressing ef- 
fect of nitrogen was comparatively small. 

Vigue et al. [1977] showed that in a 
hydroponic culture containing up to 18 mi- 
cromoles of nitrogen, effective nodule de- 
velopment and functioning occurred. Growing 
plants in a urea solution proved to be a 
convenient hydroponic method for producing 
vigorously nodulated soybeans capable of 
fixing 27 to 71 percent of the, totalpiame 
nitrogen. 


OTHER NUTRIENTS. Soybeans require nu- 
trients such as phosphorus, potassium, cal- 
cium, magnesium, sulfur, manganese, iron, 
molybdenum, zinc, boron, and cupper. Lucas 
and Knezek [1972] reported high response of 
soybeans to Fe and Mn, medium response to 
Zn and Mo, and no response to Cu and B—all 
under soil conditions inwhich those elements 
were deficient. 

Soybean plants grown in acid soils in 
Brazil showed a sensitivity to soil Mn 
[Franco and Dobereiner, 1971]. The number, 
weight, and sizeof the nodules were affected 
by Mn toxicity. 

Kapur et al., [1975] showed that ZnSO, 
at 5 and 10 ppm increased the yield and ni- 
trogen fixation of soybeans. Significant 


increases in the leghaemoglobin content and 
number of bacteria in nodules were recorded, 
but the amount of nitrogen fixed declined 
with heavier application of zinc. 


Seed-coat Diffusates 


Soybean seeds produce substances in- 
hibitory to strains of R. japonicum. The 
degree of inhibition varied markedly by the 
bacteria strain and soybean variety [Abd-El 
Ghaffar, 1976]. Toxicity from soybean 
seeds can be eliminated by soaking the seed 
for 4 hours [El-Mallah, 1978]. 

Temperature affects all stages of the 
symbiotic association between rhizobia and 
legumes. High soil temperatures coupled 
with soil alkalinity resulted in the failure 
of soybeans to nodulate in Queensland 
[Diatloff, 1970]. The optimum root tem- 
perature for N-fixation by soybeans was re- 
ported as 27°C by Kuo and Boersma [1971]. 

Dart et al. [1976] inoculated Chippewa 
soybeans with R. japontcum strains CB-1809, 
Smlb, or CC-705 and grew the plants at 21°, 
27°, and 33°C (daytime temperatures) in 
controlled-environment cabinets. There were 
only small differences in nitrogen fixation 
between strains at 21°C; but at 27°C and 
especially at 33°C, strain Smlb was the most 
effective. The strain CC-705 was as effec- 
tive as CB-1809 in forming red nodules at 
27° and 33° C. The nodules exhibited some 
nitrogenase activity, but fixed little ni- 
trogen. 

Weber and Miller [1972] reported that 
the serogroups which caused the majority of 
nodules on soybeans at 30°C formed very few 
nodules at 10° or 15°C, while the serogroups 
dominant at the low temperatures were not 
effective in developing nodules at 30° Cel- 
S$ius 


Moisture 


Ecologically, rhizobia must be sur- 
rounded by a water film in which the solutes 
are not concentrated enough to pose osmotic 
Dreavlems rorithercell.» Toolittleswater, 
matherethan too mich, 1s the,threat to sur- 
vival and function. Extreme drying is ac- 
companied by increased osmotic pressure of 
the soil solution; and if the desiccation 
is caused by elevated temperatures, this 
factor interacts} too [Schmidt, 1978]. 

muererarommovreports#in sthesliterature 
concerning the effect of moisture content 
on the movement of soybean rhizobia. How- 
ever, the zones of movement for R. trtfolit 
were sharply decreased by higher water ten- 
Sions. This movement ceased when the water- 
filled pores of soil became discontinuous 
[Hamdi, 1971]. 


Water supply and stress affect the 
fixation of nitrogen by soybean nodules. 
Irreversible changes occur in detached nod- 
ules when their fresh weight is reduced to 
below 80 percent of their maximum rigidity 
value [Sprent, 197la]. Water stress affects 
the fine structure of these detached nodules 
[Sprent, 197lb]. A loss of about 30 percent 
in the fresh weight results in a breakdown 
of the cytoplasm into approximately spherical 
subunits, some of which are coated with ribo- 
somes. Organelles such as nuclei and mito- 
chondria retain their structure longer than 
the rest of the cytoplasm. Lenticles (ridges 
on the surface of the nodules that permit 
free gasses to pass in and out of the nod- 
ules) collapse under water stress. Under 
water-logged conditions lenticles produce 
large masses of loosely packed cells [Pank- 
hurstiandSprent , 1975). 

Sprent [1971b] showed that water stress 
reduced nitrogen fixation by soybean plants 
grown in sand pots. If the nodules retained 
some activity, recovery after watering was 
normally complete within an hour. Using 
tritiated water (340), the fact was con- 
firmed that water could be withdrawn by nod- 
ules while en route from the root to the 
shoot in soybean plants. 


Soil Acidity 


Acidity is likely to be a major factor 
restricting jthé;persistence of rhizobia in 
soil, although species differ considerably 
in their sensitivity. Rhtzobtum mehlott is 
very acid-sensitive, but R. japontcum can 
tolerateian acid plasm loweasy 4/5) (Vancent, 
1965} 

The effect of soil acidity on the growth 
and nutrition of legumes may be attributed 
to the direct effects of pH per se; defi- 
ciencies of calcium and molybdenum, and tox- 
icities of manganese and aluminum. Dobereiner 
[1974] indicated that aluminum toxicity lim- 
its nodulation and nitrogen fixation more 
than it affects plant growth. 


Salinity 


The growth of Rk. japonicum is strongly 
retarded in media containing 0.008 M NaCl 
and does not grow with 0.16 M NaCl [Wilson 
and Norvis, 1970]. Different, strainsi,of 2. 
japonteum exhibited varying tolerances to 
concentrations: tof, el 580.2 0.55 0.5501 ons 
5, and 10 percent of sodium chloride in 
liquid media. Growth was greatly reduced 
at 0.5 percent and at higher levels of sodium 
chloride [Ala,)1976)< 

Soybeans are sensitive to saline soils 
containing soluble salts above 7 millimoles per 
centimeter [Abu Shakra, 1975]. Abd E1l-Ghaffar 
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[1976] showed a negative correlation be- 
tween the salt concentration and the number 
of nodules on the roots and between the dry 
weight and the content of soybean plants 
grown in soils with different sodium chlo- 
ride and Naz2SO4 concentrations. Plant growth 
was inhibited when the concentration of NaCl 
was at 0.8 percent or higher and when that 
of Naz2SO4, was 1.5 percent or more. 


Pesticides 


In soybean fields ‘the pesticides ‘used 
may interfere with the development of A. 
JjJapontcum and with the symbiosis of the 
rhizobia-soybean system. With lindane 
(zineb), higher levels of application in- 
creased the number of nodules and the amount 
of dry matter produced and enhanced the 
seed yield as well as the nitrogen uptake 
[Blasubramanian et al., 1974]. 

Fungicides vary in their effect on soy- 
bean rhizobia. Thiram had no adverse ef- 
fect. Carboxinthad littleseffectewhen 
seeds were planted within 4 hours of the 
inoculation. Captan was less toxic to rhi- 
zobia than PCNB but reduced the number of 
nodules on the tap root [Curley and Burton, 
1975]. Dithane Z-78 (zineb), Aureofungin, 
and Ceresan (ethylmercury chloride) allowed 
the rhizobia to produce a moderate number 
of nodules, although fewer than when the 
fungicides were absent. Nodulation was 
greatly reduced by the use of Monosan. 
Thiram completely checked nodulation 
[Wankhede and Bhide, 1972]. Plant dry 
weight and nitrogen content were reduced 
significantly by the use of Phygon (dichlone) 
at 3 percent, but not by Spergon. 0rthoe 
cide (captan) at a concentration of 0.3 
percent was stimulating [Hamdi et al., 1974]. 

Different rates of herbicides had de- 
trimental effects on the nodulation of soy- 
beans in 4 of the 5 soils used in greenhouse 
studies, (| Dunigan ettal., "1972 jo *The dry. 
weight of the nodules was affected more than 
was the total number of nodules. A 3-year 
field study did not reveal detrimental ef- 
fects from any of the herbicides used. 


Biotic Factors 


Many hypotheses have been advanced to 
account for the failure of rhizobia to col- 
onize readily or to explain the population 
decline when bacteria are deliberately 
added to the soil. Actinomycetes, fungi, 
mycorrhizae phage, Bdellavtbrto, protozoa, 
and nematodes may inhibit, stimulate, prey 
upon, Or parasitize rhizobia. 

Damargi and Johnson [1966] showed that 
the actinomycete isolate El antagonized R. 
Japontcum strain 76. Isolate E8 was antag- 
Onistic toall strains, 
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In autoclaved soil, the ability of rhi- 
zobia to infect Kent soybeans was evaluated 
in: the presence of ‘actinomycete 1solaness 
The reduction in nodule numbers was 53 and 
35 percent, respectively, when actinomycete 
E8 was introduced into the soil 28 days be- 
fore planting and at the time of planting. 

Orellana et al. [1976] showed that Rht- 
zoctonta fungus caused a decrease of 63 per- 
cent in the amount of nitrogen fixed per 
plant in inoculated Lee soybeans. At 30°C, 
nodulation from R. japontcum increased. Rht- 
zoctonta solani had a lesser effect on nitro- 
gen fixation at the same temperature. 

Mycorrhizal infection, however, improved 
nodulation and soybean yields. Introducing 
Endogone (VA mycorrhiza) into small field 
plots of soybeans overcame the deleterious 
effect of fumigation on plant growth in the 
absence of a large application of phosphate 
fertilizer [Ross and Harper, 1970]. Schenk 
and Hinson [1973] showed that inoculation 
with Endogone significantly improved seed 
yield and other traits of the nodulating soy- 
bean isoline Hardee but not that of the 
non-nodulating isoline. 

Bacteriophage has been variously empha- 
sized as a potential biofactor. Vincent 
[1965] indicated that despite the voluminous 
literature on rhizobiophage, however, the 
practical significance of phage as a factor 
acting against the survival and functioning 
of the rhizosphere anesthe sotlghass) cha 
be demonstrated. 

Bdellavtbrto is a soil inhabitant that 
probably exists in nature as an obligate 
parasite. Strains feeding on R. meltlott, 
R. trtfoltt, and cowpea rhizobia have been 
found in many soils. When these bacteria 
are provided with cowpea rhizobia in culture, 
they kill many host cells. So the same vi- 
brios might be responsible for the death of 
rhizobia in soil [Alexander, 1975]. Whether 
Bdellavtbrto has a deleterious effect on A. 
japonteum in soil remains to be determined. 

Protozoa are suspected as being preda- 
tors of rhizobia in the soil. Alexander 
[1975] reported that the number of R. japo- 
nicum bacteria decreased in the soil as a 
result of activity by protoza. Each protozoan 
appears to consume thousands of bacteria. 
Aftveri2 days, sthough, 9673%x 10’ rhizobia 
per grain remained. Further, Alexander 
showed that the ciliate Tetrahymena elimi- 
nated R. japonteum if multiplication of the 
rhizobia is prevented by using chlorampheni- 
col. Tetrahymena feeding on rhizobia in the 
absence of the inhibitor did not reduce the 
number of rhizobia below 10° cells/ml, but 
did reduce the number of nonmultiplying 
rhizobialtog270lcells pergmelliliter, 

Nematodes interfere with nodulation and 
the growth of soybean plants. Lehman et al. 
[1970] showed that soybeans infected with 


H. glyctnes (race 1) from Wilmington, North 
Carolina, showed reduced nodulation and N- 
fixation, whereas plants infected with 
other races did not show those symptoms. 
When cyst nematodes were injected into the 
soil 14 days after rhizobia inoculation, 
only a slight to moderate inhibition of 
nodulation occurred [Barker et al., 1972]. 
The greatest inhibition was observed when 
soybeans were inoculated simultaneously 
with R. japontcwn and race 1 of the soybean 
cyst nematode. 


RESIDUAL SOILN AFTER GROWING SOYBEANS 


Henzell and Vallis [1975] reviewed the 
work done on the transfer of nitrogen le- 
PumesucoroOther crops. sThe concentration of 
nitrogen in legume residues varies widely, 
influencing greatly the amount of nitrogen 
travsccrrcdw thesanitial flush of*minerali- 
zation from legume residues, which provides 
Mocseorstnientranster; relates directly to 
the percentage of nitrogen in these resi- 
dues and to the quantity of such residues. 
If the parts of the plant removed from the 
land contain most of the legume nitrogen, 
therescan be little mineralization of ni- 
trogen for use by another crop. 

With soybeans, Rizk [1966] showed a gain 
in soil N of 59 Kg/ha after a soybean crop 
in Egypt. Schroder and Hinson [1974] grew 
nodulating and non-nodulating soybeans in 
rotation with winter rye and in mixtures 
Wecheryeste study theecontribution of the 
legumes to soil/nitrogen. Their results 
support the idea that the roots of nodula- 
ting soybeans leave significant amounts of 
nitrogen in the soil. 

Saxena and Tilak [1975] showed that by 
inoculating soybeans, yields were increased 
from 73 to 94 percent. With no application 
of fertilizer N, the yield of wheat follow- 
ing an inoculated crop of soybeans was more 
than 65 percent higher than with wheat fol- 
lowing a soybean crop that had not been 
inoculated. The response was equivalent to 
about 30 kg of N/ha as fertilizer. 
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Evaluation of Soybean Inoculant Types and Rates 
Under Dry and Irrigated Field Conditions 


R.S. SMITH AND G.A. DEL RIO ESCURRA 


ABSTRACT: High soil temperatures and low soil moisture stresses for 7 days af- 
ter planting were utilized to evaluate inoculant types and rates on soybeans grown 
in a Rhizobium japonteun-free soil in Puerto Rico. All inoculant treatments were 
evaluated under stress conditions in the half of the experiment that did not re- 
ceive rain or irrigation and that had a moisture level below the wilting point 
for the first 7 days. During this period in the dry section, the soil tempera- 
ture at 2.5 cm reached a maximum of 38° to 40° C. All inoculant treatments were 
also evaluated in the half of the experiment that was irrigated to provide a 
moisture level near optimum. This moisture reduced the maximum soil temperatures 
at 2.5 cm to between 31° and 35° centigrade. 

The granular soil inoculant was the best treatment in producing tap root 
nodules, total number of nodules, and nodule dry weight per plant after both 32 
and 98 days. Liquid soil inoculant in the seed furrow and liquid placed 2.5 cm 
below the seed were generally better than all remaining treatments, i.e., liquid 
5.0 cm below the seed, liquid 7.5 cm below the seed, and peat powder inoculant 
applied to the seed. 

Applying all inoculants at 10 times the normal rate produced a consistent 
but not significant increase in nodulation parameters when each inoculant treat- 
ment was compared to its standard rate, except for the granular soil inoculant 
where significant nodulation increases were observed in 8 of the 12 evaluations. 

Nodulation under dry and irrigated conditions was compared by totaling the 
values for all treatments in both moisture regimes. The number of taproot no- 
dules, total number of nodules, and the nodule dry weight per plant were signifi- 
cantly increased on both sampling dates under irrigation compared to the dry con- 


oliigekovel, 


All nodulation values were at least 3 times better under irrigation. The 


number of taproot nodules was 6 times larger under irrigation than in the dry 
section at the 98-day sampling, due to the lack of increase in taproot nodules 


under the dry condition between the 32- and 98-day sampling. 


With irrigation, 


the taproot nodulation had doubled during the period. 


HIGH SOIL TEMPERATURES AND DESSICATION FROM 
low soil moisture have been postulated as 
possible causes of nodulation failure. Dia- 
tloff [1970] recorded a soil temperature of 
40° C for 4 hours in a moist soybean seed 
zone with some decline in nodulation evident, 
although this was by no means critical to 
subsequent nodulation. However, if high- 
temperature effects are superimposed on 
another stress factor, such as dessication, 
a nodulation failure would become more 
likely. Iswaran, Sundara-Rao, Jauhri, and 
Magu [1970] observed the rapid death of 


Rhtzobtum japontewn at 40° C when added to 
either soil or peat with no worthwhile re- 
covery after 4 weeks of storage. At 28° and 
35° C, peat was superior to the soil as a 
carrier with good bacterial counts after 4 
weeks. In.termsS of bacterial survival, 
Bowen and Kennedy [1959] considered 40° C 

aS critical to the survival of some rhizobia. 
When R. japonteum were applied with peat to 
the seed, Davidson and Reuszer [1978] re- 
Covered GO, 1 toul. /ppercent.of thesori, ginal 
population when stored at only 30° C for 3 
weeks. Kaul and Sekhon [1977] found that 
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mulching lowered the soil temperature by 
10° ¢C. The results were early, more uni- 
form nodulation and improved soybean yields. 

Since the soil moisture is known to 
modify soil temperatures, these two factors 
are closely related in rhizobial survival. 
Diatloff [1970] stated that the dessication 
of nodule bacteria in seed inocula would be 
unlikely in soil moist enough to germinate 
seed. However, Diatloff [1967] reported 
that an absence of nodules was recorded 
during excessively wet or dry conditions. 
Worrall and Roughley [1967] reported that 
moisture stress and the method of inocula- 
tion greatly affected the number and dis- 
tribution of infected root hairs and no- 
dules of young seedlings of Trtfoltum sub- 
terraneum. A reduction of soil moisture 
potential from -0.36 to -3.6 X 10° Pa signi- 
ficantly decreased the number of infection 
threads and completely inhibited nodulation, 
although the number of rhizobia in the rhi- 
zosphere was unaffected. 

Methods such as inoculant placement at 
depths below the seed have been investigated 
[Hely, Hutchings, and Zoran, 1976; Scudder, 
1974; Wilson, 1975]. The reports indicate 
potential value in protecting the applied 
rhizobia from temperature and moisture 
Stresses occurring in sthe secaazone., 

This paper examines soybean nodulation 
under dry and irrigated field conditions. 
Evaluations are given of different inocu- 
lant types, rates, and inoculant placements. 


MATERIALS AND METHODS 


A single batch of R. japonicum strain 
8-0 with a count of 1.6 X 10° cells/ml was 
utilized in the preparation of the follow- 
ing inoculants: peat powder for seed ap- 
plication (3.0 X 10° cells/seed), granular 
peat for soil application (7.2 X 10° cells/ 
cm of row), and the liquid broth for soil 
application (7.2 X 10® cells/cm of row). 
Each inoculant type was utilized at the 
above base rate designated as 1X and a rate 
10 times the base rate, designated as 10X. 
The liquid soil inoculant was placed in the 
furrow on the seed and also at 2.5, 5.0, 
and 7.5 cm below the seed at a rate of 75 
ml/6m of row. Sucrose solution was used to 
adhere 3.1 g of peat powder/kg of seed. 
Granular inoculant was added on top of the 
seed in the furrow at the rate of 3.4 grams 
per-6 meters of row 

The experiment was located at the Isa- 
bela substation of the Agricultural Experi- 
ment Station, University of Puerto Rico on 
an Oxisol (Coto kaolinitic clay) which was 
free of R. japontcwn. The Jupiter variety 
of soybeans was planted on March 7, 1979 
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(during the dry season in Puerto Rico). 

This allowed the establishment of all treat- 
ments in the field in both a dry soil (no 
water before and 7 days after planting, fol- 
lowed by irrigation to initiate seed ger- 
mination and plant growth) and a moist soil 
(irrigation following planting and subse- 
quently to maintain moist conditions). The 
plots had 4 rows that were 6 m long with 60 
cm between the rows. The experiment was. re- 
plicated 4 times in a randomized complete- 
block design. 

Seven-day cycle soil-temperature recor- 
ders with probes at 2.5 and 10 cm were 
placed in both the dry and moist sections 
of the field to monitor the soll) temperature. 

Five plants per plot were evaluated at 
32 and 98 days after planting for the num- 
ber of taproot nodules, total number of 
nodules, and nodule dry weight per plant. 


RESULTS AND DISCUSSION 


The soil was dry at planting. Because 
there was no rain during the following 7 
days, the dry state was successfully main- 
tained in the dry section of the field for 
this period (Figure 1); The sor) moiscure 
was continually below the wilting point (2.5 
percent). After 7 days, water was applied 
to the dry side to initiate seed germination, 
Without plant growth, rhizobial survival and 
nodulation could not be evaluated. The ir- 
rigated section received water after plant- 
ing and at frequent intervals to maintain 
the soil moisture between the wilting point 
and field capacity (29.6 percent). The maxi- 
mum soil temperatures at 2.5 cm in the dry 
plots were between 38° and 40° C, which was 
3° to 8° C hotter than the maximum in the 
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Figure 1. Percent of soil moisture during 


first week in dry and irrigated plots. 


irrigated plots (Figure 2). The daily 
minimum temperature under both moisture Irrigation Dry 
regimes was below 26° C. Clouds during day 
3 eliminated temperature differences be- 

tween the two moisture conditions. Tempera- 


tures at 10 cm ranged between 21° and 27° C a 
with no significant difference between the tc 
two moisture conditions. = 
By examining the number of taproot Ps 
nodules per plant at day 32, we evaluated = 
the ability of the inoculants to provide = 
early and effective nodulation. Under dry 
conditions, only the granular soil inocu- 
lant at the 10X rate was better than the 
remaining treatments (Table 1). Under ir- 
rigation, this treatment was also superior DAYS 
as were the granular 1X rate and the li- 
quid soil inoculant delivered in the furrow Figure 2. Soil temperatureat 2.5 cm during 
over the seed at the 10X rate. The superior the first week in dry and irrigated plots. 
performance of the granular inoculant is 
evident in comparing treatment totals 
(Table 1). Comparing the 1X and 10X rate the liquid soil inoculant on the seed and 
totaled among treatments in dry and irri- Ate2 sec) DeloWwsthesseed  vand better, than 
gated conditions (1.6 to 4.5 and 6.0 to the: other 1noculant types. The rate total 
Poe eespectively) indicates more than under dry conditions (Table 2) indicates 
twice as many taproot nodules were formed tiatatben Un Tater i seless thaw douple auc 
with the inoculants at the 10X rate. Eva- 1X rate; however, under irrigation, the rate 
luating moisture totals between the dry and COtaletor. 04 1S doublesthne. | Xitate. vas 
atrapatea plots (6.1 .and 18.3, respectively, with tap nodules, an evaluation of moisture 
Table 1) indicates that 3 times more taproot totals between dry and irrigation (30.1 and 
nodules were formed under the moist condi- UO .7. respectively. Table 2), shows that.3 
tions than under the dry conditions. times more nodules were formed under the ir- 
The total number of nodules per plant rigated conditions than the nonirrigated 
at day 32 (Table 2) follows a pattern simi- ones. 
ParecO that Of the tap nodules, with the The nodule dry weight per plant (Table 
granular 10X rate significantly better than a) us very-Similar tothe total number or 
all other treatments under both dry and nodules—with the granular treatment provid- 
Peoigated conditiagns.. Ihe inoculant treat- ing the most nodule weight, followed by li- 
ment totals (Table 2) also show the gran- quid on the Seed, and. liquid placed 2.5 cm 
ular inoculant to be superior to both below the seed, There 15 no ditference in 


Table 1. Number of Tap-Root Nodules at 32 Days: Effect of Soil Moisture, Inoculant Type, 


and Rate 

Dryt Irrigation? 
Inoculant ees LOXT TY ixtt Loxttt Treatment 
treatment rate rate rate rate total 
Control Op, %D frat Oearec Wun 0 
Peat 0.1 b 025°5 OR 9<c 1 4ec 2.9 
Granular G29°b 21a 8 $u52b phoma 12.0 
Liquid on seed O93 D 0.6 Db O.6°¢ Shiey 4.8 
Liquid 2.5 cm below seed On20b OR») O25 ic bn5 7c 2.9 
Liquid 5.0 cm below seed Ge eb Om b QvAC 0 oe 059 
Liquid 7.5 cm below seed Olid Oa b Unga fo Ora AC hal 
Rate total a6 4.5 6.0 1235 
Moisture total Got LB 55* 
Means followed by the same letter within dry treatment or within irrigation treatment are 
not significantly different at the 0.05 level using Duncan's Multiple Range Test. TTBase 


rate. tttren times the base rate. 
**Significant difference at the 0.01 level between dry and irrigation treatments. 
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Table 2. Total Number of Nodules at 32 Days: Effectof Soil Moisture, Inoculant Type and Rate 
Dry" Irrigation™ 
Inoculant 1xtT 1oxttt ixtt lox? tT Treatment 
treatment Geb e rate rate rate total 
Control 0 b ao OF 2eral Wh 0 
Peat Ver is O23" b 2s a ALO ad Vhs) 
Granular ARS Ik 1p dee Smet JS) als) 10) OrSie Lael Odin ll 
Liquid on seed 2.4 b a a, 6.07 cd 15% 37 DG 24.3 
Liquid 2.5) em) below Seed 4.3 bd 4.3 D 4.0d 60 Nea 20.6 
Liquid 5.0 cm below seed b 0.1 0.4 d 3. 6°" 4.1 
Liquid 7.5-em below seed CE |e Geb a Gee 4.4d 7.6 
Rate total Nal o& 18.8 29 0) en 
Moisture total 5 Opel COR eas 


TMeans followed by the same letter within dry 


not significantly different at the 0.05 level 


ok . 
rate. TTT Ten times the base rate. 


treatment or within irrigation treatment are 


using Duncan's Multiple Range Test. 


TTBase 


**Significant difference at the 0.01 level between dry and irrigation treatments: 


nodule weight between the 1X and 10X rates 
under dry conditions; however, nodule weight 
under the 10X rate is more than double: the 
1X rate under irrigation. As with the num- 
ber of tap nodules and the total number of 
nodules, the nodule dry weights (62.6 and 
193.8 mg) under different moisture regimes 
showed more than 3 times the dry weight for 
nodules formed under the irrigated condi- 
tions than under dry ones. 

Nodule parameters were evaluated at 
day 98 to determine whether nodulation 
trends would change with time. The treat- 
ment order at 98 days was similar to that 
at 32 days for thertrestment, totals of tap 
root nodules (Table 4), total number of 
nodules (Table 5), and nodule dry weight 
per plant (Table, 6)... Whe eran 


Table” Si. 
Inoculant Type, and Rate 


Nodule Dry Weight per Plant in Milligrams at 32 days: 


inoculant was consistently the best, with li- 
quid on the seed and liquid at 2.5 cm over- 
all better than the remaining’ treatments, 
Liquid at 5 and at 7.5 cm below Cheysecd 
did not produce significant tap root nodules 
under either moisture condition because in- 
oculant placed at these depths is below 
the infection zone for the tap root. How- 
ever, those treatments did produce more 
than 25 total nodules under irrigation 
(Table 5), whereas less than 5 nodules were 
formed in the dry soil« This*sugeestestmac 
inoculum placed at these depths can survive 
outside of the rhizosphere under moist con- 
ditions but not under the dry regime: 

The advantage of the 10X rate over tiem 
rate between all nodule parameters was no long- 
er significant at 98 days (Tables yeaa. 


Effect of Soil Moisture 


a 


Dry" 
ar 

Inoculant EX 
treatment rate 
Control On iive 
Peat Ora be 
Granular 1035 abe 1 
Liquid on seed 56s be 
Liquid 2.5 cm below seed 11.0) ab 
Liquid 5.0 cm below seed Oe ge 
Liquid 7.5 cm below seed Za DC 
Rate total a0 el 8) 
Moisture total 62.6 


1oxt tt 


Irrigationt 
1xtT Loxttt 


Treatment 
rate Gate rate total 
aye OR Gl Ae Ola 
Le be Be 2) CG: ilisystey, Waxe 26 
TAN BA No Axe UE ee) 96.4 
@ 3b toe IRGs 7 exer! ARSE 6) 56.4 
I Sy ENS OF OV Gd aa bed able fi 
(OA OmA cl LaSrbed AA, It 
OA be Some Lie We exes! PSD 
Das Oley 2 ik 

193.8** 


GD 
TMeans followed by the same letter within dry treatment or within irrigation treatment are 


not significantly different at the 0.05 level using Duncan's Multiple Range Test. 


rate. Ten times the bdse rate. 


Base 


“*Significant difference at the 0.01 level between dry and irrigation treatments. 
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However, the effect of moisture is still 
indicated in that the total number of nod- 
ules and the nodule dry weight per plant 
were still 3 times larger under irrigation 
(956.1 nodules and 4,065.9 mg, respectivel 
compared to dry conditions (244.1 nodules 
and 1,214 mg, respectively). This increas 
under irrigation was the same as that ob- 
served at 32 days. However, the moisture 
total for tap root nodules under irrigation 


conditions. The liquid placed’ on the seed 
in the furrow and the liquid in the soil at 
2.0 Cm-below- the seed performed -better than 
the remaining treatments. Seed with ap- 


y) plied peat inoculant was found to be unsatis- 
factory under dry conditions and significantly 
e less effective than granular “under irri- 


gated conditions., Liquid placed at™S and 
at 7.5 tm below the seed was not effective 
in protecting the rhizobia from morsture 


(43.6) became 6 times larger than under dry and temperature stresses. 


conditions (6.9). The reason is that the 
number of tap nodules under dry conditions 
did not increase between the sampling on 

day 32 and day 98, while the number of tap 


nodules more than doubled under irrigation. 


In summary, the granular soil inocu- 
lant was superior under both dry and moist 


Table 4. Number of Tap Root Nodules at 98 


The increased or high rate of each ap- 
plied inoculant provided a general, but not 
Significant, increase in nodulation para- 
meters at both sampling dates. Dry soil 
conditions for the first week provided a 
strong stress to rhizobia in*atl“anoculant 
types and rates. The amount of nodulation 


Days: Effect of Soil Moisture, Inoculant Type, 


and Rate 
Dry" Irrigation’ 

Inoculant rear 1oxttt 1xtt 1oxtttT Treatment 
treatment rate rate rate rate total 
Control 0) b fais 8 0) d ny 0 
Peat 0) b Oe lab Sak lovecl Bek weGl het 
Granular Oe ie D9 va. TA6 .alb SS DDS 
Liquid on seed Ose 5D 0 .08b 6.1 be SIS moxe L255 
Liquid 2.5 em below seed TeS ab Wiaviecds Oecd leo acd Al a 
Eiguid 5.0 "cm below seed Otero Whe Gs 24, Ded. OP rd 240 
Liquid 7.5 cm below seed (ts UPaeD Oaad O19 ed fot 
Rate total 2G AS Z0RS ORO 
Moisture total 6.9 AOE 


‘Means followed by the same letter within 
not Significantly ditrevent.at athe 0705 ale 
ae 'Tenetimes the vbase, rate: 

Doon Lean ditterence at the 10.0F ‘level 


Table 5. Total Number of Nodules at 98 Days 


dry treatment or within irrigation treatment are 
wel using Duncan's Multipie RangeslTest. Base 


between dry and irrigation treatments. 


: Effectof Soil Moisture, Inoculant Type, and Rate 


Dry? 
Inoculant pews 
treatment Gate 
Control lijo td 
Peat. Wee 260 
Granular 27.506 
Liquid on seed 22e0.,DC" 
Taduad 2.5 cm below seed 46.3 ab 
Liquid 5.0 cm below seed Loo ol 
Liquid 7.5 cm below seed A: 6 ed 
Rate total Mods 1 
Moisture total 244.1 


TMeans followed by the same letter within 


Irrigation’ 

Loxttt 1xtT 1oxttt Treatment 
rate rate rate total 
bee Hall (ol Ae 9.2 
Diels El (On lwabed 597 ebed Sails 

GH55) @ Qos Clee 139.8 ab See L 

iy, Sy Xe 0).5) Alxee! 146.3 a 278.9 

28.8 be (S04 wabed 76.4 abed 224.9 
ora Ry A (eal PS) chorea! OAS) 
Ibe al 50.4 cd 48.9 cd Y04.8 

URS 409.8 BAGrS 

956. 15% 


dry treatment or within irrigation treatment are 


not significantly different at the 0.05 level using Duncan's Multiple Range Test. 'TBase 


rate. ‘ttTen times the base rate. 
**Signifticant ditference. at the 0.01 level 


between dry and irrigation treatments. 
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Table 6. Nodule Dry Weight in Milligrams per Plant at 98 Days: Effect of Soil Moisture, 

Inoculant Type, and Rate 

Dry Irrigation? 

Inoculation vx 1oxttt 1x LOXTTT Treatment 
treatment Rave rate rate rate total 
Control Zk io) cd one ee 49 3A Ca Wei o ad ack o tles 
Peat 2 eu em) iG! 2A) te OG 307 .¢d.bed 6155 
Granular HOS 215 Ste We nal ANESPIR Ss) ENDS le ey a) ISS eo 
Liquid on seed Sage 148..2.be 383.4 abc 460.0 ab 1064:8 
Liquid 2.5 cm below seed 218.49 ab L3l.0 ap 381 0,abe 305.0 bed 1085.5 
Liquid 5.0 cm below seed Pe Dig. SRST | 16750 de 247s 7 aed 455.3 
Liquid 7..5.cm below seed Bas ol Gl I3c2o4 234045 CE 313.2.bed 608.1 
Rate total 548.4 665.6 TOES 5 ZYoae 
Moisture total We ae 10) A OG wo ea 


TMeans followed by the same letter within dry 
not significantly different at the 0.05 level 
rate. -'''Ten times the base rate. 


treatment or within irrigation treatment are 


using Duncan's Multiple Range Test. 


tTBase 


**Significant difference at the’0.0) level between dry and irrigation treatments. 


under irrigation was at least 3 times 
greater than in the dry soil at both sampl- 
ing dates. Irrigation eliminated moisture 
stress and reduced maximun temperatures. 

This study indicates that to establish 
effective soybean nodulation in an R. japo- 
ntcum-free soil in the semitropics, an in- 
oculant of high quality is essential; also, 
maintaining the soil moisture above the 
wilting point during the first week is crit- 
ical. 
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Nodulation and Response to the Inoculation of 
soybeans Under Egyptian Conditions 


Y.A. HAMDI, M.N. ALAA EL-DIN, AND S.M. ABD EL-WAHAB 


ABSTRACT: 


The soils of Egypt are void of R. japontcum strains. 


Greenhouse and 


field studies have indicated the response of soybeans to inoculation, provided 


that certain measures are taken. 


An inoculation rate of 28 x 10° bacteria per seed caused almost 100 percent 


nodulation. 
promising to ensure this rate. 


the soybean seeds for 4 hours. 


The peat moss carrier, which replaced Okadin (Nile silt soil), seems 
The current methods of propagating rhizobia, e.g., 
batch cultures, should be developed into submerged methods. 
the growth of R. japontcum and the response to inoculation. 
duce toxic substances for soybean rhizobia. 


Salinity reduced 
Soybean seeds pro- 
These toxins disappear by soaking 


The moisture and temperature stress prevailing in dry or wet soils after 


soybeans are planted may contribute to nodulation failure. 
as important for the viability of rhizobia. 


Theva ns eniGatLon 
The use of thermotolerant rhizobia 


and granular inoculants may overcome such problems. 
Certain fungicides may interfere with nodulation on soybeans, e.g., Phygon 
was inhibiting, Spergon was less toxic, and Orthocide at 0.3 percent was stimu- 


lating. 
harmful effects. 


Increased rates of Benlate (benomyl) or Vitavax captan tended to show 
The use of so-called "compatible fungicides" and granulated 


inoculants may avoid the harmful effects of fungicides. 


SEVERAL STUDIES IN DIFFERENT LABORATORIES 
in Egypt were conducted to investigate the 
presence of R. japonteum in Egyptian soils, 
the response of soybeans to inoculation, 
asewell as’ the effects of nitrogen fertil- 
iets, Salinity, and toxic materials, e.¢., 
seed-coat diffusates and fungicides. 


LABORATORY AND GREENHOUSE STUDIES 


The soils of Egypt were found''to be 
void of R. japonicum strains [Hamdi et al., 
1973; Abd El-Ghaffar, 1976]. The response 
of soybeans to inoculation was evaluated in 
different studies. The soybean varieties 
Hampton, Hill, and Lee were cultivated in 
pots in Nile silt. Single and composite 
strains of R. japonicum were applied. The 
varieties were grown together or separately 
and then combined before inoculation. The 
response to strain E-41 was significantly 
ditterent tromthe control plants. Inocula- 
tion with mixed strains gave inconsistent 
results [Hamdi et al., 1968]. 

In vanother study, thesresponse of 
Clark soybeans to inoculation in saline, 
alkaline, calcareous, heavy clay, and sandy 


soils was evaluated [Abd El-Ghaffar,1976]. 
Various strains of R. gapontcum produced 
marked differences in plants grown in var- 
ious soils. Some strains were much more 
effective than others, e.g 5, Strains 341V 
and E-41 were more effective than E-38 and 
E-45. The response of nodulating and non- 
nodulating soybean varieties Chip and Clay 
to inoculation showed that the response to 
different strains of R. japontcum varied 
with different combinations (Table 1). Nod- 
ulating soybean isolines produced more dry 
matter and a higher nitrogen content than 
controls and non-nodulating isolines. Un- 
inoculated control plants produced an average 
dry matter yield and nitrogen content quite 
Similar to those from non-nodulating plants 
[El-Mallah, 1978]. 

The interaction between fertilizers 
and inoculation was studied by Ashour et al. 
[1969]. Inoculated and non-inoculated Hamp- 
ton soybeans were cultivated in pots con- 
taining 40 kilograms of Nile silt and fer- 
tilized with 6 or 12 grams per pot of CaNOz. 
Either inoculation or fertilization increased 
the dry matter weight and N content of the 


Youssef A. Hamdi, M.N. Alaa El-Din, and S.M. Abd El-Wahab are Soil Microbiologists, Institute 
of Soil & Water Research, Agricultural Research Center, Dokki, Giza, Cairo, Egypt. 
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Table 1. Dry Matter and Nitrogen Content per Plant of Certain Soybean Isolines Inoculated 
with Six R. japonicum Isolates 


Clay, non-nodulated Clay, nodulated Chip, non-nodulated Chip, nodulated 


Dry N Dry N Dry N Dry N 
R. japontewn weight content weight content weight content weight content 
isolate (g) (mg) 2) (mg) (g) (mg )- (g) (mg) 
Control 1.02 Do 20 OM 105 O01 105 10.50 1 We 10.00 
Cy URIS! 9.42 eel 29,89 1.02 SPER, i Wa Eo) 26,00 
Cy {Log BR 10.30 Ihe ADs Soe e1 05 oF ot Pel 35.80 
Cz 1.00 6.09 FANS A) 46.69 10a POnez 2.04 595 
Hy 1.04 O59. 2.04 40.22 A, Ie Ie 2 2029 48.81 
H 0,89 9202 1.64 2907 0 teat 10.49 lie a7, 36.59 
Hz 0.97 9.62 ey 56.49 Laiz 10.99 1.93 40.10 


Source: El-Mallah, 1978. 


soybean plants. Adding N to the inoculated at 1.5 percent Na,SO4,. However, at 0.1 per- 
plants increased the growth and the N con- cent Na,SO,, growth stimulation was noticed. 
tent more than either inoculation or fer- The toxicity of soybean seeds to R. 
tilizer alone. Inoculation increased the japonteum strains was studied [E1-Mallah, 
weight of pods and the number of seeds per 1978]. Seed diffusates of the four soybean 
Diant (lable 2) isolines inhibited the growth of R. japont- 

With respect to salinity, Alaa E1-Din cum isolates to different degrees. Soaking 
[1976] studied the susceptibility of differ- the soybean seeds in water for 4 hours eli- 
ent strains of R. japontewm E-38, E-41, minated or prevented the toxic effects of 
E-45, 529, and N-2 to different concentra- the seed diffusate. Seed diffusates of non- 
Crowson Mant SCO Oe Oe cen 0) Site A kos nodulating isolines inhibited rhizobial 
and 10 percent) in liquid media. The growth growth more than the nodulating ones. The 
curves showed that the isolate N-2 (which non-nodulating Clay isoline showed inhibited 
was isolated from soybeans growing in saline zones of 5 to 8 millimeters. Thewnodiularing 
soil) was the most tolerant to NaCl, while one showed zones of 2 to 4 millimeters. 
strain E-45 was the most susceptible. The Chip non-nodulating isoline caused in- 

Increasing the salt concentration in hibition zones of 6 to 7 millimeters, com- 
irrigation water led to a significant de- pared, to ones, of 1, to 2 millimeters#comeeae 
crease in the weight of the plants, pods, nodulating isoline. 
and nodules as well as their enzymatic activi- The sensitivity of R. japonteum strains 
ties. The extent of this negative effect to fungicides was determined [Afifi et al., 
was much higher with strain E-45 than with 1969]. TMTD, Thizoctole, Phygon, Ceresan, and 
the salt-tolerant N-2 strain. Orthocide 75 at concentrations of 30, 0.3, 

In a different study, the effect of in- 0.03, and 0.003 percent, respectively ;ecaucea 
creasing levels of NaCl and Na SOq4 (0, 0.1, different inhibition zones for five strains 
0.2, 0.4, 0.8, and 1.5 percent) in sand cul- of R. gaponteun. .The diameter ofethema1— 
ture using Davis soybeans inoculated with hibition zones was proportional to the con- 
strain E-45 was studied [Abd El-Ghaffar, centration of the fungicide, beingethesia= 
1976]. The results (Table 3) showed that gest. with the 3. percent. concentrationaeude 
nodulation, dry weight, and Nj fixation toxicity the levels 3 and 0.3 percent, ofeald 
gradually decreased as the salinity in- fungicides inhibited the five strainse 
creased. Soybean growth was totally in- The effect of some of these fungigages 
hibited at 0.8 percent or more of NaCl and on the symbiotic system of R. japonteum 


Table 2. Effect of Inoculation and Nitrogen Fertilizer on the Yield of Hampton Soybeans 


Inoculated Not inoculated 
Calcium 
nitrate No. of Weight (g/pot) No. of Weight (g/pot) 
(g/40 kg pot) seeds Seeds Pods seeds Seeds Pods 
0) 91 WG 24.4 LS N20 WH 
6 124 ANG? 2062 91 Voie A em 
12 147 256 Sse 76 ilab at 2514 


Source: Ashour et al., 1969. 
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Table 3. Effect of Increasing Levels of Salts on N»5 Fixationof Davis Soybeans per 10 Plants 


Na Cl treated Na2SO4 treated 
Dry Dry 

Salt concen- No. of weight Total N NO s20f weight Total N 

tration (%) nodules (g) (mg) nodules (g) (mg) 

Control plants, 

not inoculated 0 5.64 62.5 0 5.64 Gane 
0 626 Pleas 284.6 626 L403 284.6 
Owl 442 Laps Zee Gl 615 HOPS 304.4 
OFZ 241 wero Ti 28 188 6.22 117.4 
0.4 110 4.63 90.15 107 oO 10 94.3 
0.8 No growth 9 cea 659 
Wee No growth No growth 

Source: Abd El-Ghaffar, 1976. 

Table 4. Dry Matter Weight and Nitrogen Con- and soybeans was studied [Hamdi etal., 1974]. 
tent of Inoculated Soybeans Treated Phygon and Orthocide 75 were used at 3 and 
with Fungicides 0.3 percent. Phygon (Table 4) was very in- 

hibiting. Spergon had less of an effect. 
Weight Total N Orthocide: al. 0.15. percent .wasustimil ating, 
Fungicide (g/pot) (mg/pot) but was harmful at 3 percent. 


A different. study [Loutfi et al., 1979, 


Control 19,21 429.5 unpublished data] showed that Benlate and 
Spergon - 0.3% £27.30 383.0 Vitavax plus captan atl, 2, and 39 per kilogram 
Spergon - 3.0% i130 385.6 of seeds had a depressing effect on nodule dry 
; weight and Ny fixation in inoculated plants 
Phygon - oe 9.11 242.1 at 48 days (Table 5). The dry matter weight 
Phygon - 3.0% 7.21 214.6 of the plants. yield of yeeds,"and totaleNn 
Orthocide - 0.3% 18.65 497.5 content of the inoculated plants at harvest 
Orthocide - 3.0% 14.50 BOIS again showed a similar trend, i.e., with 


the, increase of either, Benlate or Vitavax.plus 
captan a reduction occurred in these com- 
ponents (Table/6).- This reduction, ,how- 


Source. iHamditen a7, 1974. 


ever, was not significant. One gram of 
Table 5. Effect of Benlate and Vitavax Cap- 
tan Applied at Various Concentra- Table 6. Dry Matter Weight of Plants and 
tions on Inoculated Soybean Seeds Seeds at Harvest of Soybeans Grown 
at 48 Days after Planting from Seeds Inoculated and Treated 
with Benlate and Vitavax Captan 
No. of Sg ee et 
nodules Weight N content Weight (g/pot) Total N 
Fungicide per pot (g/pot) (mg/pot) Fungicide Plants seeds (mg/pot) 
Control? Contro14 
I Lic 1538 Lila I lice oo 386 
NI oaee TSe50 Z209%.0 NI ey! rappel: Zt 
Benlate Benlate® 
I 154 C5. o7: 246.8 I hess 5.44 539 
NI He t2y TZ 204.9 NI 165/59 3.20 a2, 
I 142 LS. 75 Zo sn I 18.24 4.54 5A 
NI ae whee eat | 2292 NI 17963 3.46 278 
i 155 13.94 249.0 I LS 5). 03 361 
NI yan 14.36 220.8 NI 1G. 52 CTS) 213 
Vitavax captan Vitavax Captan4 
I 134 14.60 ZOLA I Pog 5.40 478 
NI eee 14.40 PT ae) NI 16.15 5.05 ee 
I 128 T2291 24205 I Lsl2 S09 398 
NI AS vee Sage 25 214.2 NI lSe2o 3.49 212 
I i We T3507, 22 ae I 16.01 mee KY S77 
NI Ee 13.26 LOT NI 15598 3.40 244 
@[=inoculated; NI=not inoculated. +~=~+‘%I=inoculated; NI=not inoculated. = 
Source: Loutfi et al. (1979), unpublished. Source: Loutfi et al. (1979), unpublished. 
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either fungicide per kilogram of seed tended 
to enhance or show no significant effect. 
Non-inoculated plants were not significantly 
affected by the fungicidal treatments on 

any of the test dates, i.e., at 48 days or 
when harvested at 110 days. 


INOCULANT PRODUCTION 


Inoculants for soybeans and other le- 
gumes are prepared by the Department of Mi- 
crobiology at the Agriculture Research 
Center in Dokki. The inoculant Okadin was 
developed in 1958 [Loutfi and Fahmi, 1958]. 
The rhizobial cultures are grown in batches, 
in ‘flasks ofFMi-tor2einters in agirtsted cui 
tures. A carrier of Nile silt soil en- 
riched with phosphate, sugar, gelatin, and 
charcoal is distributed in tin cans and 
sterilized. When broth cultures attain 
enough growth, e.g., 10°/ml, the cultures 
are’ distributed into sterile carriers. Lo 
give 70 percent of the water-holding capac- 
ity. The inoculants are then ready for use. 

In 1978, an inoculant was developed 
using Jiffy 7 disks which are made from peat 
moss impregnated with certain minerals 
[Fouda et al., 1979]. The preparation of 
the broth culture was modified as follows. 
Rhizobial cultures are first grown on agar 
slopes in bottles. After enough growth, 
they are washed into broth and agitated for 


48 to 96 hours. That broth is then transferred 


into steamed peat moss disks distributed in 
plastic cans. 

The units of inoculants produced for 
soybean reached 10,000 in 1979. This was 
enough to inoculate seeds cultivated in 
10,000 feddans!, which represents about 10 
percent of ‘the total aréa cultivated with 
soybeans (98,000 feddans in 1979). 


FIELD STUDIES 


The field studies were relatively limited. 


As mentioned earlier, Egyptian soils are 
free of FR. Japontewn. Therefore, the 
establishment, proliferation, and response 
to inoculation were important objectives for 
field studies. However, the field studies 
were all done by the Department of Microbio- 
logy of the Agriculture Research Center. 

The inoculation rates of R. japontcum 
cells per seed were evaluated under green- 
house and field conditions [Hamdi et al., 
1973]. Seeds of Clark soybeans were inocu- 
lated at the rate of 28 x 106, 28 x 10°, and 
28 x 104 cells per seed. Inoculated seeds 
were planted in field plots or in pots con- 
taining the same silty loam soil and kept 
under greenhouse conditions at the Giza Re- 
search Station. 


Nodulation was abundant within 3 weeks. 
The pot experiments contained seeds that had 
been inoculated with 28 x 10® cells peraseed. 
No nodules were observed after 3 weeks under 
field conditions or in plants in the pots re- 
ceiving 28 x 104 cells per seed. After 57 
days in the field, nodulation was between 
87 to 92 percent when rhizobia were inocu- 
lated at the rate of 28 x 10° cells per seed. 
Nodulation dropped to 47 percent with an in- 
oculation of 28 x 104 cells per seed. Nodu- 
lation of 100 percent was seen in plants re- 
ceiving 28 x 10© cells per seed in pot cul- 
tures, decreasing to 50 percent fomeplante 
inoculated with 28 x 104 cells per seed. 
After 102 days, the nodulation frequency, 
fresh weight of the nodules, and dry weight 
of the stems and pods were determined; 
these weights increased with the number of 
rhizobia in the inoculant (Table 7). 

In 1977, the inoculant Nitragin was im- 
ported by the Permanent Council of Soybeans 
in Egypt. The number of rhizobia anya. 
inoculant was 100 x 10® cells per gram. The 
inoculant was used with gum arabic at the 
rate of 120 g of inocwlant per/S0°to4gerrio- 
grams of seed. A total of 1,000 feddans was 
inoculated with Nitragin and 1,150 feddans 
with local inoculum in the northern area 
(Noubaria and Tahrir) and in Gharbia, 
Behera Menofya, Dokahlya, Menia, Beny 
Seweif, and Sharkia. 

Nodulation was successful in some 
areas, but failed inm*others.-" The repores 
showed a total of 40 to 50 nodules with 15 
to 20 nodules per plant in Beny Seweif and 
6 to 10. nodules-per plant in) Behiras aan 
many areas, no nodules were produced. 

In 1978, the inoculant Legume-aid was 
imported from the United States by the Per- 
manent Council for Soybeans in Egypt. The 
inoculant was used at the rate of 200 g 
per 30 to 40 kilograms of seed. Seeds for 
about 40,000 feddans were inoculated. 

The results showed that 2 tog 
nodules were formed per plant in most loca- 
tions. In two areas, the average number 
of nodules was 50 to 100 nodules per plant. 
At many locations there was no nodulation. 

Peat moss inoculant was compared with 
the Legume-aid (from the USA), Okadin (Nile 
silt), and a mixture of soil and charcoal 
at a 1:3 ratio... The results showed asgood 
response to all three. However, Legume- 
aid and the mixture of soil and charcoal 
produced fewer nodules than Okadin or the 
peat moss inoculant. Similarly, yield re- 
sponses showed significant increases with the 
Okadin and peat moss inoculants. 

In 1979, the developed inoculant em 
peat moss disks was used to inoculate 10,000 


a em a a 


11.04 feddans equal 1 acre. 
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Table 7. 


Response of Clark Soybeans to the Number of R. japontcwn Cells per Seed Used as 


Inoculant at 102 Days after Planting under Field Conditions 


Plant Plants Nodule 

R. japonteum dry weight nodulated fresh weight Nodules 
(cells/seed) (g/plant) (%) (g/plant) (no./plant) 
Uninoculated 98) +1120 0 0 Sos Oni e0S 
28 x 104 12.154) 822 93.3 1.30 46.5 + 6.41 
28 x 10° 10.5 + 1.9 81.0 0.70 28.0 + 5.90 
28 x 10° 9.7 + 1.4 7.0 0.30 Ss ee ea LO 
pource: sHamdi et ai., 1973. 


feddans. An examination 5 weeks after 
planting showed that nodulation ranging from 
150 to 250 nodules per plant (an excess) in 
some governorates to 25 to 50 nodules per 
plant (moderate) in others. The nodulation 
rate in other governorates was low (10 to 

20 per plant). On the other hand, nodula- 
tion failure was observed in many areas. 


CONCLUSIONS AND REMARKS 


In general, nodulation failure of soy- 
beans could be due to (1) not enough rhi- 
zobia in the inoculant; (2) the death of 
rhizobia on the seeds caused by high tem- 
perature, drought, seed-coat diffusates, or 
some combination; (3) an inadequate method 
of inoculation; and (4) seed treatment with 
fungicides toxic to R. japonteum. 

Several findings point to the importance 
of the inoculation rate. As the number of 
rhizobia per seed increases, so do the 
chances of good nodulation. An inoculum 
of 28 x 10© cells per seed may cause al- 
most 100 percent nodulation. Achieving a 
large quantity of inoculant requires im- 
proved methods of cell propagation and 
carriers. In Egypt, rhizobia for inoculants 
are propagated at a laboratory scale, i.e., 
Bawenessot 1 to 2 litérs in agitated cul- 
tures. Another method was developed. The 
rhizobia are grown first on an agar surface 
and then washed into the medium, which is 
then agitated. These methods are sufficient 
for low quantities of inoculants. The sub- 
merged method of cell production is conven- 
tional and should be adopted. The Nile silt 
Carrier is currently replaced by the peat 
moss disks. This was tested and found ac- 
ceptable, and it will support high numbers 
of rhizobia. 

Soybeans are planted in Egypt either 
in dry or wet soils. The first irrigation 
after planting is very important. In some 
instances, the irrigation water does not 
reach the field at the proper time, seriously 
affecting the survival of rhizobia on soy- 
bean seeds. Efforts should be made to avoid 
letting the soil dry out, which is usually 
accompanied by high temperatures in April or 


early May in Egypt. Granular inoculants 
should be tested. The selection of thermo- 
tolerant and effective strains of R. japonteun 
should be studied. What constitutes detri- 
mental moisture for nodulation under field 
conditions should be determined. 

The use of fungicides with inoculated 
seeds may interfere with nodulation. The 
selection of so called "compatible fungi- 
cides" with no toxicity to rhizobia should 
be studied. Again, granulated inoculants 
may help. 

Another factor that may contribute to 
the lack of nodulation on soybeans is the 
failure to use an inoculant. Farmers have 
much respect for nitrogen fertilizers but 
not for inoculants. A wide extension pro- 
gram should be launched to teach farmers 
and the extension staff about the importance 
and proper use of the inoculants. 
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seed-Borne Pathogens of Irrigated Soybeans 


J.B. SINCLAIR 


ABSTRACT: Environmental conditions—particularly high temperature and 
moisture—during seed development, at harvest time, and during storage play an 
important role in the establishment of microorganisms in soybean seeds. Most 

of the seed-borne fungal, bacterial, and viral pathogens of soybeans are located 
inside the seed. These disease agents can reduce seed quality. Pathogens car- 
ried in seeds are a source of primary inoculum for the next season's crop and 
help distribute the pathogen into areas where it may not be established. [In- 
dividual seeds in each seed population may vary by the type and number of micro- 
Organisms carried. 

Although loss to diseases generally is presumed to be less in irrigated 
soybeans, certain pathogens may be just as damaging as under nonirrigated culti- 
vation. Some of the diseases reported in soybeans under irrigation are: char- 
coal rot, stem and root rots, pod and stem blight, downy mildew, purple seed 
stain, and at least three viruses. All diseases that occur in irrigated soy- 
beans are seed-borne ones, except rust. 

Thus, measures to assure that the seed planted is relatively free of seed- 
borne pathogens is one means of controlling diseases. However, when pathogens 
such as Maecrophomina phaseolina (charcoal rot) are soil-borne and have a wide 
host range, using seeds absolutely free of the pathogen will not assure disease 
control. 

The control methods for seed-borne pathogens of soybeans are nonchemical 
and chemical. The nonchemical methods include proper harvesting and storage, 
handling to avoid injuries, and using high-quality seeds that are relatively 
free of seed-borne microorganisms. The chemical methods include using fungi- 
cide sprays as the soybeans approach maturity and making seed dressings with 
conventional application methods, or by infusing seeds with systemic fungicide 
and/or antibiotics using a solvent system. 

A careful diagnosis of problems with seed quality, particularly when re- 
lating them to seed-borne microorganisms, is necessary for proper control. 


EVERY POPULATION OF SOYBEAN SEEDS can carry fungal and bacterial pathogens that are 

a wide variety of microorganisms and vir- seed-borne in soybeans are carried internal- 
uses. Seed lots can be contaminated with ly, either in ‘the seéd coat or in embryo 
soil peds that harbor nematode cysts, spores tissues [Rodriguez-Marcano and Sinclair, 

of fungi and bacteria, infected plant-debris 1o7sueSinglair 197.215 ethesetdisease agents 
particles, sclerotia of various fungi and/or can reduce seed quality. Pathogens carried 
smut galls [Schiller and Sinclair, 1979]. on or in seeds are a source of primary 

Many of the storage fungi and bacteria are inoculumefor the next) season's crop and help 
carried on the outside of the soybean seed, distribute the pathogen into areas where it 
such as species of Alternaria, Aspergillus, may not be established. Individual seeds 
Pentcilltum, and Rhizopus as well as many in each seed population may vary in terms 
others [Mengistu and Sinclair, 1979; Sin- of the type and number of microorganisms 
clair and Shurtleff, 1976]. Most of the they carry. The lack of high-quality seed 
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produced under irrigated conditions was 
stressed by several speakers at the confer- 
ence. (See the papers by P.F. Knowles and 
H.H. Hartwig.) 

Environmental conditions during seed 
development, at harvest, and during storage 
play an important role in the establishment 
of microorganisms in soybean seeds. Insect 
populations and their activity as well as 
environmental conditions influence the 
spread of most of the viruses that infect 
soybeans. Under irrigation, particularly 
row irrigation, there are fewer types and 
lower quantities of seed-borne microorganisms 
than with seeds harvested from plants grown 
under rainfall or under overhead irrigation. 
However, the approaches to the control of 
seed-borne pathogens in irrigated soybeans 
are not different from those taken in 
regions of high moisture from rainfall. 


LITERATURE REVIEW 


Several general references and arti- 
cles deal with seed-borne pathogens of soy- 
beans [Sinclair and Shurtleff, 1976]. There 
are no specific or general references deal- 
ing with either diseases of irrigated soy- 
beans or seed-borne pathogens of irrigated 
soybeans. 

In a review of solicited reports on 
"World Soybeans Losses Caused by Disease" 
by RE. Ford [University of Illinois at 
Urbana-Champaign, unpublished], the seed- 
borne pathogens listed from countries where 
soybean production is predominantly under 
irrigated conditions were: Cercospora 
ktkuchtt (purple seed stain); Macrophomina 
phaseoltna (charcoal rot); Peronospora man- 
shurica (downy mildew), Phomopsts sp. (pod 
and stem blight and seed decay); Rhtzoctonta 
solant (damping-off and seed decay); and 
Selerotinta sclerottorun (damping-off). 
Ford lists several virus diseases in his 


review, including soybean mosaic and bud 
blight, as occurring in soybean fields. 

In certain invitational papers and 
country reports presented at this conference 
and contained in the proceedings, reference 
is made to specific pathogens that are knwon 
to be seed-borne ones. In the paper by 
A-A:A. Ibrah@m, A.M. Nassib, ands. HH? 
El-Sherbeeny [1979], the following species 
of fungi were listed as attacking seeds and 
seedlings of soybeans under field conditions 
in Egypt: Fusarium, Macrophomina, Pythtum, 
and Rhtzoctonta. In the paper by M.N. 
Shatla, A.M. Basiony, and F. Salim [1979], 
the authors listed species of Fusarium and 
Selerottum rolfsitt as important soil-borne 
pathogens of soybeans. All of these fungi 
have been reported as seed-borne in soybeans 
[Sinclair and’ Shurtleff 1976 2 75eee 
Mohamed [1979] lists 23 fungi isolated from 
surface-disinfected soybean seeds grown in 
Egypt in 1976 and 19795, 

A. Khair [1979], reporting on soybean 
production in Bangladesh at this conference, 
listed the seed-borne pathogens Colleto- 
trichum demattum var. truncata (anthracnose) 
and Xanthomonas campestrts (X. phaseolt var. 
sojensts) (bacterial pustule) as occurring 
in his country. The bacterial pustule 
organism and C. ktkuchtt were reported in 
Sri’ Lanka [H. Gamage) 1979)%) alsovate tia 
conference. Both are seed-borne pathogens. 
Bacterial pustule was stated as the most- 
important disease of soybeans in the Sudan 
in another report given at this conference 
[O.A.A. Ageeb and F.M. Khalifa, 1979]. 

In 1974, the soybean cultivars Amsoy 
71, Beeson, Wayne, Williams, and Wells were 
grown in small field plots near the Univer- 
sity of California at Davis by DiHieHialle 
Frequent inspections for diseases were con- 
ducted, but no diseases were found. The 
California-grown seed was assayed for seed- 
borne fungi and bacteria, and germination 


Table 1. Germination and Assays of Soybean Seeds, Five Cultivars Produced Under Irrigated 
Conditions near Davis, California, 1974 
Mean percentage® 

Hard seed Germination (°C) Total fungi Bactllus subttilts 
Cultivar} coat 25h iO iene FOR AU at 25°C $500 40°C 
Amsoy 71 8 79 87 87 18 >1 >1 Z 
Amsoy 71-C 3k 64 uw 79 60 0 >1 >1 
Beeson 50 39 43 ao Looe 0 4 4 
Wayne oul 64 67 69 26 0 >1 5 
Wells cM 69 ei 74 2 >I 0 aw 
Williams >1 99 95 85 a #1 >1 >1 


aBased on 8 replications of 25 seeds per replicate. 
bseeds of all cultivars were Illinois Certified seed produced in 1973, except Amsoy 71-C 


which was produced in California in 1973. 


Source: Data compiled by J.B. Sinclair. 
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TaADLE 2h: 


The Effect of Seed Source on Soybean Plants and Yields in Illinois, 1975 


ee a ar ee eee a 
———— ee 


No. of plants harvested Plant height> Yieldb 
Cultivar per 20 feet of rowb (cm) (kg/ha) 
CALIFORNIA-GROWN SEEDS 
Amsoy 71 160 132 et por 
Amsoy 71¢ 153 as Pig cia | 
Beeson 155 120 50m 
Wayne 150 123 3,220 
Wells 179 116 5 Los 
Williams 145 131 3,360 
ILLINOIS-GROWN SEEDS 
Amsoy 71 122 134 2, Dod 
Beeson 168 110 D822 
Wayne 124 124 2285 
Wells 188 UR Pane Je) 
Williams 171 126 22957 


4California-grown seeds were from plants produced under irrigation in 1973 from Illinois 


Certified seed lots; Illinois-grown seeds were produced in 1973. 


Amsoy 71-C came from 


plants grown in California for 2 successive seasons under irrigation. 


bAverages of 4 replicates. 


Source: Data compiled by D.K. Whigham. 
tests were conducted at various temperatures 
[J.B. Sinclair, unpublished]. The germina- 
tion percentage varied with the cultivar and 
temperatures (Table 1). These differences 
were due in part to a "hard seed coat" con- 
dition. The most-significant observation 
was that the seed had a very low percentage 
of seed-borne microorganisms; however, 
Bactllus subttlis was isolated from all seed 
lots. Bactllus subttlts has been associated 
with seed lots from all over the world and 
causes a seed decay under certain conditions 
fecniaerses ar... 1977; Tenne et al.,,.1977]. 

Samples of the California-produced seed 
were included in a variety trial conducted 
by D.H. Whighamat the Universityof Illinois 
(unpublished). There were some variations 
in plant height and the number of plants 
harvested, but all cultivars from seed pro- 
duced in California yielded better than those 
from Illinois-grown seeds (Table 2). 

Soybean mosaic has been observed in ir- 
rigated soybeans all over the world (personal 
communications), but is not considered as 
having an effect on yields. However, plants 
infected with soybean mosaic virus can give 
rise to blemished seeds, with a discolora- 
tion referred to as "hilum bleeding" [Sin- 
Clatr and: ohurtler£, 1976], 

As this information strongly suggests, 
soybean seeds grown under irrigation cannot 
be guaranteed to be free of all seed-borne 
pathogens. 


CURRENT RESEARCH AND DEVELOPMENTS 


Little work is being done on the seed- 
borne aspect of soybean pathogens in irrigated 


soybeans. Research workers dependonthe in- 
formation derived from studies on soybeans 
grown under rainfall conditions. A master's 
thesis was completed recently in Egypt 
[Mohamed, 1979] in which the author reported 
23 fungal genera and species isolated from 
soybean seeds grown in 3 locations in 1976 
and 1977. The most common fungi were: 
Alternarta alternata, Aspergillus sp., and 
Fusartum species. Mohamed [1979] reported that 
spraying field plants with zinc, manganese, 
and copper fungicides reduced the average 
count of fungi associated with seeds. The 
most-effective compound for seed dressing 
was captan, which was more effective on 
poor-quality seeds (those with a high amount 
of seed-borne fungi) than on good-quality 
seeds. 

A number of soybean diseases occur each 
year undér irrigated conditions. For the 
present, we must assume that these pathogens 
are carried from season to season, in part, 
in the seeds. Evidently, under some condi- 
tions the pathogens are able to establish 
themselves on the host the next season and 
reproduce; infecting *the seeds of, that crop. 
There are no published studies, as far as 
the author knows, on the epidemiology of 
soybean pathogens in irrigated soybeans. 


CONSTRAINTS ON EFFICIENT PRODUCTION 


A consistent source of high-quality 
seeds for planting that are free of seed- 
borne microorganisms and viruses is one of 
the constraints on the efficient production 
of irrigated soybeans. Certain seed-borne 
microorganisms and viruses can reduce seed 


fe 


quality and yields in temperate regions 
under rainfall conditions, but there are 
few comprehensive studies on the nature of 
the seed-borne microorganisms and viruses 
found under irrigated conditions. Studies 
need to be made on the differences between 
and epidemiology of seed-borne fungi, 
bacteria, and viruses of soybean seeds grown 
under furrow and overhead irrigation. Dis- 
ease losses will be difficult to measure 
since a number of agronomic and engineering 
problems are associated with irrigated soy- 
beans that need to be solved for maximum 
production. 

Enough information is available to sug- 
gest that efforts need to be made at local, 
regional, and international levels to 
identify the microorganisms and viruses 
associated with irrigated soybeans and to 
develop a backlog of information on the 
losses due to these pathogens; also, to de- 
termine the economic thresholds of these 
pathogens. It has been suggested that pro- 
ducing soybean seeds under irrigation will 
provide a source of "pathogen-free" seeds 
for sowing in rainfall areas. The available 
information makes us doubt that contention. 
Also, when pathogens such as M. phaseolina 
(charcoal rot) are soil-borne, using 
pathogen-free seeds will not assure disease 
control. 

Clearly, research efforts must be made 
to fully determine the occurrence of seed- 
borne pathogens of soybeans grown under ir- 
rigated conditions. 
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Insect Resistance in Soybeans 


E.E. HARTWIG 


ABSTRACT : 


the germplasm collection. 


Resistance to foliar-feeding insects has been identified within 
Uiheeeu Strains ——Pl e145 Pie 22768 7aand sel 229353 —— 
have a high level of resistance to several foliar-feeding insects. 


This resis- 


tance is demonstrated by less feeding and a slower growth rate and by a higher 


mortality rate of the larvae. 


In our breeding program, we screened against 


the soybean looper [Pseudoplusta ineludens (Walker)] and later screened those 


selections against other foliar-feeding insects. 


No insect-resistant variety 


has been released, but progress is being made toward incorporating genes for 
resistance to foliar-feeding insects into types having good productivity along 
with resistance to major disease and nematode problems. 


ALL SOYBEAN VARIETIES GROWN in the United 
States have upright pubescence. Glabrous 
and sparse oppressed pubescent types are 
presented in the germplasm collection, but 
these usually are severely damaged by the 
potato leafhopper Empoasca fabae (Harris) in 
most areas of the United States where soy- 
beans are grown. Poos and Smith [1931] 
showed that more leafhopper nymphs hatched 
on glabrous and oppressed pubescent types 
than on those having upright pubescence. 
Differential feeding by various foliar- 
feeding insects has been observed when soy- 
bean varieties were grown in an area. How- 
ever, only recently has attention been 
given to incorporating a higher level of 
resistance to foliar-feeding insects into 
productive soybean varieties. 


EXPERIMENTS AND RESULTS 


In 1968, seed was furnished for making 
a field planting of approximately 600 vari- 
eties and germplasm strains of Maturity 
Groups VII, VIII, IX, and X at the Edisto 
Experiment Station in Blackville, South 
Carolina. Plantings had been made earlier 
to build up a heavy population of the Mexi- 


can bean beetle Eptlachna vartvestts Mulsant. 


Van Duyn, Turnipseed, and Maxwell [1971] 
reported differences in the degree of in- 
jury to various soybean strains. For fur- 
ther studies, they selected 18 strains 


showing the least damage and additional strains 
showing heavy feeding. These studies re- 
Vealedm that Pig iy l45l ee Pile 2276875 ands P I 
229358 definitely were the strains least pre- 
ferred by the Mexieanbean.beetlé: Van Duyn, 
Turnipseed, and Maxwell [1972] conducted 
additional studies in which Mexican bean 
beetles were forced to feed on PI 171451, 

PI 227687, and, PL 22955825 They tound® reduced 
longevity and fecundity in the adults and 
weight loss and high mortality in the larvae. 
On a susceptible soybeans for) examples the 
average life of the females was 22.6 days 

and the mean number of eggs per female was 
140. One PL e229S58ee the wverave lifettorsne: 
males was 11.9 days. The mean number of eggs 
was 4.8. A high percentage of the larvae 
feeding on the resistant genotypes showed 

a heavy dropoff rate. 

After observing the differences in 
feeding by Mexican bean beetles in the 1968 
plantings in South Carolina, the 20 lines 
showing the least feeding were planted at 
Stoneville in order to increase seed stocks. 
Late in the season, there was a heavy infes- 
tation of the soybean looper [Pseudoplusta 
tneludens (Walker)]. The three strains 
(Pie leiasby Pip 227657, ahd ~Pile229396) Clearly 
showed less feeding than the others. 

Clark-et ace \[1 97 2)yreported results 
from a caged feeding trial using the same 
20 soybean selections along with a few of 
the common varieties and exposing them to 
the bean leaf beetle [Cerotoma trifurecata 


Sn art a ann «Cn ee 
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(Forster)]. Strains’ P1°2278687 and PI 229356 
showed the least feeding. PI 171451 also 
rated low. Studies with the striped blister 
beetle [Eptcauta vittata (Fabricius)] showed 
PI 229358 and PI 171451 had less feeding 
than commercial varieties. Studies with the 
cotton boll worm [Heltothts zea (Boddie) ] 
showed PI 227687 to have the greatest egg 
deposition but the least larval development. 

These results demonstrated that soybean 
genotypes do have distinct differences in 
terms of their attractiveness for feeding 
by foliar-feeding insects; also, that there 
were differences in the rate of insect 
development when several unrelated insects 
fed on different soybean genotypes. The 
three soybean strains showing the highest 
level of resistance to foliar-feeding 
insects were all poor agronomic types. 
it was necessary to try to transfer the 
genes for resistance to productive, agronom- 
ically desirable types of soybeans. Pre- 
liminary results suggest that three major 
recessive genes may be involved in conferring 
the multiple-type resistance. 

At Stoneville, the soybean looper is 
being used for primary screening. Moths 
are reared in the laboratory and released 
in the field cages as they are ready to 
mate and lay eggs. The cages are approxi- 
mately 20 by 30 meters. Resistant plants 
or rows’ can be readily identified.) Lines 
selected for resistance to looper feeding 
are then screened against Mexican bean 
beetles feeding in field plantings at 
Blackville, South Carolina. Screening 
against other insects is done in the 
greenhouse. 

Advanced lines selected in a modified 
backcrossing program approach strain 
PilgZ29358invtheir level ofr resistance. 
Several of the better lines have good agro- 
nomic qualities, but have averaged approxi- 
mately 10 percent lower seed yields in 
the absence of insect feeding than the 
better varieties now in production. 


Thus, 


Preliminary observations suggest that 
the type of resistance being developed may 
give protection against the cotton leaf 
worm [Spodoptera ltttoralts (Boisbuval)]. 
Cooperative tests are planned to measure 
the degree of protection that might be ex- 
pected. Good protection from the beet army- 
worm [Spodoptera extgua (Hubner)] has been 
observed. 

The survival and growth rates following 
placement of 66 first-instar larvae on 22 
plants in greenhouse studies are shown in 
Table i; 

While the exact manner has not been es- 
tablished for the inheritance of resistance 
to feeding, it appears that resistance a> 
recessive. This permits the use Oierce re. 
tant F2 plants as parents in a modified 
backcrossing program. Attempts are being 
made to add resistance to foliar-feeding in- 
sects as another protective characteristic 
in a productive soybean variety that is re- 
Sistant to major disease and nematode prob- 
lems. Breeding material in the fourth and 
fifth cycles of breeding is now being eval- 
uated. It is expected to be highly produc— 
tive and to carry multiple pest resistance. 

Studies have demonstrated that soybeans 
can tolerate as much as 40 percent defolia- 
tion with very little reduction in seed 
yield. With the present level of resistance 
along with natural predators and diseases, 
damage from leaf-feeding insects in soybeans 
can be greatly minimized. The larvae that 
develop more slowly should suffer more in- 
jury from predators and diseases than other 
larvae. 

Another insect that causes problems in 
some areas of the southern United States is 
the southern green stink bug [Nezara virtdula 
(Linnaeus)]. The stink bug feeds on the 
young pod by piercing. Stink bugs frequently 
carry a yeast fungus [Nematospora corylt 
(Peglion)] on their mouth parts. Infecting 
young seed with the fungus can cause the seed 
not to develop. The yeast fungus can also 


Table 1. Survival and Development of Foliar-Feeding Larvae on Soybean Strains 

Velvetbean Soybean 

caterpillar looper H. zea H. virescus 
Soybean Wt. Wt. Wt. Wt. 
strain No.# (mg) No.® (mg) No.® (mg) No.# (mg) 
Davis 50 146 44 207 44 68 56 74.5 
D75-10169 31 61 48 103 Le 57 38 2736 
PI 229358 33 53 30 128 14 53 33 18.4 
Pl 227687 20 63 44 110 18 38 30 1739 


4Number surviving from 66 first-instar larvae. 
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cause damage toolder seed. Resistance to 
the yeast fungus has been identified, and 
by incorporating this resistance into a 
productive variety, the yield reduction from 
stink bug feeding can be greatly minimized. 

The two species of Heltothts (H. zea 
and H. virescus) feed on the developing pod. 
Segregating lines have been evaluated inthe 
greenhouse in the seedling stage for rate 
of larval development. The first two or 
three stages of larval development seem to 
be on leaf material. Thus, selection in 
the early stages of plant development may 
be an effective way of identifying types 
that will be resistant to pod-feeding. 
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Weed Control in Irrigated Soybeans 


W.D. McCLELLAN AND J.E. HILL 


ABSTRACT: Effective programs for weed control in irrigated soybeans involve a 


combination of techniques including cultural and chemical methods. 


In the Western 


United States, most of the soybeans grown under irrigation are planted as a double 


crop after the harvest of a winter cereal 


(usually wheat or barley). 


The major 


factor that makes approaches to weed control in this area different from the rain- 
fed Midwest soybean belt is the absolute dependency on irrigation to supply the 


plant's water requirements. 


Most of the herbicides used are applied preplant and 


usually incorporated toa depth of 2.5 to 10 centimeters, depending on the compound. 


Most soybean fields are surface-irrigated 


(flood or furrow) . 


Since’ rainfall) wsminet 


available to leach the herbicides, they must be preplant-incorporated for maximum 


GOntrol. 


fields are trifluralin, alachlor, chloropropham, and vernolate. 
weeds anticipated, cultural practices used, 


The primary herbicides used commercially to suppress weeds in soybean 


Depending on the 
and the succeeding crops (presistence 


problems), these preplant-incorporated herbicides have been used effectively alone 


and in combination on irrigated soybeans. 


In general, herbicides applied post- 


emergence (such as bentazon) have not been very effective. 


EFFECTIVE WEED-CONTROL PROGRAMS in irrigated 
soybeans involve acombination of techniques, 
including cultural and chemical methods. In 
the western United States, most of the soy- 
beans grown under irrigation are planted as 
a double crop aiter the harvest of wincer 
cereals (mostly wheat or barley). The com- 
ments that follow reflect research and ex- 
periences by growers over the last 10 years 
in California's San Joaquin Valley. The 
major factor that makes approaches to weed 
control in this area different from the soy- 
bean belt of the Midwest is that the plant's 
water requirements must be supplied entirely 
by irrigation. 

Most growers who double crop after the 
harvest of a winter grain follow the routine 
of disking the stubble 2 to 4 times, then 
irrigating the fields before planting. Such 
irrigation not only provides moisture for 
the germinating soybean seeds and for crop 
growth, but also moisture for weed seeds 
which germinate and are usually disked un- 
der during the preplant land preparation. 
Some growers burn the cereal straw and stub- 
ble to ease the problems of disking-in the 
residue. This is especially helpful to the 


smaller grower who does not have the large 
equipment required to adequately incorporate 
the residue from a Cereal’ crop 02 6,00 meu 
7,000 kilograms per hectare. Burning of the 
residue and using preirrigation are the main 
tools employed by growers to reduce volunteer 
populations of cereal grains in soybean fields. 
Because most growers are using narrow-row 
spacing (10 to 50 cm) and high plant popula- 
tions, mechanical tillage for weed control 
once the crop is planted is minimaljyeieroi— 
cides are perhaps the most important weed- 
control tool utilized in irrigated soybeans. 

Most of the herbicides used in the San 
Joaquin Valley are applied preplant and are 
usually incorporated to a depth of 2.5 to 
10 cm, depending on the chemical. In the 
San Joaquin Valley, most soybean fields are 
surface-irrigated (flood or furrow). Since 
rainfall or sprinklers are generallyaaar 
available to leach the herbicides into the 
soil where the weed seeds are, the herbi- 
cides MUST be incorporated for maximum ef- 
Pectiveness. 

Knowing what weeds are present in a 
grower's field is perhaps the key to succese- 
ful weed control in such soybean fields. 


William D. McClellan, former Farm Advisor, University of California Cooperative Extension 
Service, Tulare County, Visalia, California, is Plant Pathology Specialist, ICI Americas, 
Inc., Goldsboro, NorthCarolina, USA; James E. Hill is Extension Weed Scientist, Coopera- 
tive Extension Service, University of California at Davis, USA. 
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Table l. 


Weed Control in Irrigated Soybeans, Showing the Relative Effectiveness of Various 


Herbicides and Incorporations (Data: J. Hill and W.D. McClellan) 


es 


Barnyard- Lambsquarter, Volunteer Nightshade, Incorporation 
Herbicide grass pigweed cereals nutsedge depth (cm) 
trifluralin ++44 +++ + = 4 to 6 
(also other 
dinitroaniline 
herbicides) 
vernolateD tee + poet +b 7 eer 10) 
alachlor a + i tPaBee 4 to 6 
chloropropham -- -- Hitt -- 4 to 6 
bentazon& -- ++ -- a Postemergence 
4Ratings: No control (--), partial control (+); weeds controlled (+++). Psome soybean in- 


jury in the form of delayed emergence, stunting, and leaf crinkling may occur when using 


vernolate. 


Growers using surface-supplied water from 
the canals must also be aware that weed 
seeds are continually transported to crop 
fields from other areas. In the San Joaquin 
Valley, the major weeds are barnyard-grass 
(Echinochloa sp.), lambsquarter (Chenopodium 
sp.), pigweed (Amaranthus sp.), volunteer 
cereals, nightshade (Solanum sp.), and nuts- 
edge (Cyperus sp.). Johnsongrass (Sorghum 
halepense) also presents major difficulties 
in several areas, and soybeans are not rec- 
ommended where heavy infestations of this 
perennial weed are present. 

The primary herbicides used commercially 
to suppress weed pressures in soybeans are 
trifluralin, alachlor, chloropropham, and 
wernoOlate., © Table 1 vsummarizes the effec- 
tiveness of these herbicides against the 
major weeds. Some soybean injury in the form 
of delayed emergence, stunting, and leaf 
crinkling may occur when using vernolate. 


CBentazon has performed eradically inthe San Joaquin Valley and is not preferred. 


The symptoms usually disappear 2 to 3 weeks 
after planting. Bentazon has performed 
eradically in the San Joaquin Valley and is 
not. prerérred. 

Depending on the seeds anticipated, 
cultural practices*used and theysucceeding 
crops (persistence problems), these preplant- 
incorporated herbicides have been used effec- 
tively alone and in combinations in irrigated 
soybeans. In general, herbicides applied 
postemergence (such as bentazon) have not 
beenevervmecr fective. 

To summarize, effective weed control 
in irrigated soybeans depends on: (1) knowing 
what weeds are present in the field; (2) 
utilizing cultural practicesietiectively, 
such as a preplant irrigation and mechanical 
tillage; and (3) selecting ‘the proper herbi- 
cides. More adequate methods of controlling 
weeds after the soybeans have emerged need 
to be. developed. 
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Soil-Borne Pathogens of Irrigated Soybeans | In Egypt 


M.N. SHATLA, A.M. BASIONY, AND F. SALIM 


ABSTRACT: 

montlt forme, 
rolfsit. 
tion by soil-borne pathogens. 
tible tol 8) roljpsiz: 
to R. solant infection. 


the three Fusarium sp. tested, while Lee is considered resistant. 


The prevalent soil-borne pathogens on irrigated soybeans are Fusarium 

F. fusartotdes, F. oxysporum, Rhizoctonta solant, 
The soybean cultivars and lines varied in their reaction against infec- 
All of the cultivars and lines tested were suscep- 
however, line D 72-7139 was considered as slightly resistant 
The Forrest cultivar is considered to be susceptible to 


and Selerottum 


Line D 75-9125 


is considered resistant to Melotdogyna javantea and M. tneognita acrita; however, 


line D 71-9967 is considered as highly susceptible to M. javanica, 
tneogntta acrita. 


tant to infection by mM. 


and as resis- 


All of the soybean cultivars and lines 


tested are considered as resistant to infection by M. tneognita acrita—except 
the Bragg cultivar, which showed the greatest number of nematodes. 


THE SOYBEAN AREA IN EGYPT was almost 40,000 
hectares’ in’ 1979, depending’ on arrigatron, 
The diseases caused by soil-borne pathogens 
are numerous and have been recorded in vari- 
ous parts of the world [Agarwal et al., 1973; 
Turner, 1964; Boquet et al., 1975; El-Halaly 
2¢ al. ,, 19723, El-Wakil ,.971;> Ibrahim ecres. , 
1972; Kurata, 1960; Mejia, 1954; Mousa, 1979; 
and Natrass, 1961]. In this paper, the soil- 
borne pathogens found in irrigated soybeans 
in Egypt are discussed. 


MATERIALS AND METHODS 


Soybean plants showing sypmtoms of root 
rot and wilt were collected from various lo- 
cations in Egypt. The associated microorgan- 
isms were isolated and identified. Pathogen- 
icity tests were carried out on Clark) soy- 
beans in pots. Inoculum was prepared using 
barley grainas the medium, mixed at the rate 
of 2.5 percent by weight with sterilized 
soil. Five pots sown with 20 soybean seeds 
were used as replicates. Controls were in- 
cluded. Data on preemergence damping-off 
and wilt of the surviving plants were recorded 
30 days after transplanting. The reaction of 
11 cultivars and lines against R. solant, and 
S. volfstt in pots was recorded using the 
above-mentioned procedure. Data on damping- 
off preemergence and postemergence were also 
recorded. 


An evaluation was made of 11 soybean 
cultivars and lines against F. montltforme, 
F. fusartotdes, and F. oxysporum using 
pots with sterilized soil (5 seeds perjpot)- 
Ten replicates were used for each treatment. 
Inoculum was prepared from each isolate on 
barley grain. Soil infestation was accom- 
plished 1 month after planting. A disease 
index, developed by the authors, was recorded 
45 days after soil infestation, as follows: 

1. pHealthyxplants, 

2. Stunting, browning of vascular ele- 
ments 2 cm long. 

3. Stunting, yellowing of vascular ele- 
ments 5 cm long. 

4. More stunting, more yellowing of vas- 
cular elements more than 5 cm long. 

5. , Complete wilting: 

The severity of the infection on each 
species and every cultivar was calculated 
according to the following formula [Skadow, 
1969]: 

a hak, K tke Dl elo 
{os ee ee eee 
2n 
where: 
I = Disease index (severity of dis- 
ease). 
ak = Number of plants in each category of 
infection from 1-5, according to the 
scale developed by the authors. 
k = Type of infection. 
n = Total number of plants. 
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An evaluation of soybean cultivars 
against infection by the root knot nematode 
was carried out. Seeds of each tested soy- 
bean cultivar and line were seeded in each 
of 4 pots (replicates) 25 cm in diameter, 
filled with sterile, sandy soil. Soil infes- 
tation was accomplished by adding 10 egg 
masses of Melotdogyne javanica or M. tnecogntta 
aertta per pot at the time of seeding. The 
sources of inoculum were: infected roots of 
night shade (Solanum ntgrum) by Meloidogyne 
javantea and infected cotton roots (Gossyptum 
barbadense) by Meloidogyne ineogntta. The 
pots received tap water daily and a nutrient 
solution once a week. Six weeks after seed- 
ing, the plants were removed gently. Then, 
the roots were submerged and washed thoroughly 
in tap water. Afterward, the soybean roots 
were stained with cold lactophenol acid 
fuchsin and stored in the stain for 24 hours. 
The stained roots were rinsed in water and 
macerated. Then, the nematode stages were 
counted, using a dissecting microscope. 


RESULTS AND DISCUSSION 


The fungi frequently isolated from rot- 
ted and wilted plants were Fusartum montlt- 
forme, F. semttectum, F. oxyspoum, F. fusart- 
otdes, F. solani, F. equesett, Rhizoctonta 
solant, Selerotium rolfstt, Mucor sp., and 
Alterneria sp. About 70 percent of the 
fungal isolations consisted of Fusartuwm sp. 
and R. solant. 

Data on the pathogenicity test of the 
isolated fungi, presented in Table 1, indi- 
cate that the highest percentage of infec- 
tion occurred with Rhtzoctonta solant. How- 
ever, Sclerottum rolfsitt gave the highest 
percentage of postemergence damping-off, 
compared to the other isolated fungi. 


Data also indicate that Fusarium mont- 
liforme gave the highest damping-off infec- 
tion, preemergence and postemergence, com- 
pared to other Fusarium spp. Alternarta sp. 
incited severe infection with preemergence 
damping-off. Mucor sp. gave the lowest in- 
fection. These results are in agreement with 
those in other studies [Agarwal et al., 1973; 
El+Helaly et’a@l., 1972; El-Wakil, 1971; 
Kurata, 1960; Mejla, 1954; Natrass, 1961; 
Dumrnie es OOA se 

The data presented in Table 2 indicate 
that soybean line D 72-7139 was considered as 
partially resistant to infection by R. solant. 
However, all of the cultivars tested were 
susceptible to S. rolfstzt infection. 


Table 2. Reaction of Soybean Cultivars and 
Lines to R. solant and Selerotiun 
rolfett inv Pots 

R. solant S.- rolfstt 
Pre- Post- Pre- Post- 
emer- emer- emer- emer- 
gence gence gence gence 

percent 

Forrest 60 60 60 100 

Centennial 82 100 100 oe 

Bragg 62 48 87 100 

Roanoke 56 58 90 100 

Hutton 60 60 60 100 

Lee 70 66 90 100 

D 72-7139 42 42 90 100 

D 71-9966 78 64 90 100 

D 71-9967 74 va 90 100 

D 75-9925 60 50 100 

Dero 1Ol72 68 64 100 oe 

Control 0 0 0 0 


Table 1. Pathogenicity Tests for Fungal Isolates of Clark Soybean in Pots 

Preemergence Postemergence kill, 

infection remaining seedlings 

pereent 

Rhtzoctonta solant 100 art 
Selerottum rolfstt 92 100 
F, montltforme o2 55 
F, semttectum 78 50 
F. oxysporum 64 40 
F. fusartotdes 64 60 
F. sotlant 42 40 
F. equestet 30 20 
Mucor sp. 20 20 
Alternarta sp. ie 20 
Control 0 0 
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The Centennial cultivar showed a high 
percentage of damping-off infection, pre- 
emergence and postemergence, and was con- 
sidered as susceptible to R. solant infec- 
tion. However, the soybean cultivars and 
lines Roanoke, Hutton, D 75-9925, and Bragg 
were partially resistant to R. solant. 

Data presented in Table 3 indicate that 
the Centennial cultivar was most resistant to 
F. montliforme (2.1 percent infection). How- 
ever, soybean line D 71-9967 was considered 
to be most susceptible (43.0 percent infec- 
tion). In ‘terms of the reactionvagainst 
fusartotdes, Hutton was considered as most 
resistant (5 percent infection) and the soy- 
bean line D 75-10172 was most susceptible 
(60.9 percent infection). Fori?.. caysporun, 
Forrest was considered most susceptible (33.3 
percent inféetion)'; however; the soybean line 
D 72-7139 was considered as most resistant 
(2 percent infection). Forrest could be: con- 
sidered most susceptible to the 3 Fusartwn 
sp. tested; and Lee, asSmost resistant against 
the 3 Fusartum sp. tested. 

The data presented in Table 4 indicate 
that the soybean line D 75-9925 was not 


infected by both Melotdogyne sp. and that 

it could be considered highly resistant to 
the 2 root-knot nematodes. Cultivar D 71- 
9967 showed the greatest nematode popula- 
tion of M. javantcam and could be considered 
as susceptible tothat disease, but as resis- 
tant to infection by M. tnucogntta. Forrest, 
Centennial, and Bragg soybeans are rated as 
resistant to infection by M. javantca. 

All of the soybean cultivars tested 
were considered as resistant to M. tneognita 
infection, except Bragg which showed the 
highest nematode population. No egg masses 
were observed on the cultivars infected with 
the 2 root-knot nematode species. 

Our studies indicate that soybean cul- 
tivar D 75-9925 was resistant to infection 
by root-knot nematodes and was also the 
least nodulated one. This may be due to its 
well-developed root system that can resist 
infection. Further studies on this cultivar 
will be conducted. 

The root-knot nematode was the only one 
noticed in soybean fields, and that rarely. 

Soybeans represent a newly introduced 
crop in Egyptian agriculture. Therétoresstic 


Table 3. Response of 12 Soybean Cultivars and Lines to 3 Isolates of Fusartum sp. in Pots 
F, montlt forme F, fusartotdes F. oxysporum Mean 
percent 
Forrest 92.0 me T 335m5 49.3 
Centennial Deh Suk g Jl Paees SAS 
Bragg OES 13.4 28.4 17a 
Roanoke 2571 Wisse 7 Jia! 1863 
Hutton 1Lea5 ee 2d 8.6 
Lee Ono Sa Oe, 58) 
D 72-7139 1907 9.4 220 10.4 
D 71-9966 14.6 OF2 eT Lose 
D 71-9967 43.0 9.2 ba Z0 cg 
D 73-9925 LOLG 16.0 aes US 
D 73-10232 eae Se ae a Paar 
De/3-10172 PM re | 60.9 2850 5Oa9 
Table 4. Reaction of Adapted Soybean Cultivars and Lines to Melotdogyne javantca (M) and 
Melotdogyne tneogntta acrtta (Mi) 6 Weeks after Inoculation in Pots 
Average (4 roots) number of nematode larvae and females per root 
M Mi 
Larvae Females Total Larvae Females Total 
Forrest LOD Oa Pye 0 0 0 
Centennial Tea25 1.00 VAS GAS 0 0 0 
Bragg O75 500 3375 Tew as 10.0 LS.7o 
Roanoke He koges B. a5 20.525 OL/5 OFS L325 
Hutton 14.25 8.50 TES 0 0 0 
Lee 6225 4.00 10225 0.50 0 0.50 
D 72-7139 18.50 A oa Ze hs 0 0 0 
D 71-9966 130 6.5 143-25 0 0 0 
D 71-9967 9:77, 00 67.50 164.50 0 0 0 
D 75-9925 0 0 0 0 0 0 
D 75-10172 20.50 ese aS 54.25 0 0 0 
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pathogens are very rare and are considered 
of minor importance. Diseases are expected 
to become economically important following 
acontinous increase inthe area cultivated. 
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SOYBEANS ARE LARGE USERS OF WATER. 


Irrigation Water Requirements and Water Stress 


E.T. KANEMASU 


ABSTRACT: Seasonal water use by soybeans varies depending on the climate and 


genotype. 


to irrigation iss lange. 
kg/ha/em of water. 


Most of the literature reports seasonal water use of 40 to 50 cm, with 
a peak daily water use of about 8 to 9 mm per day. 
The yield increase to applied water ranges from 9 to 100 

Much of the difference can be attributed to several environmen- 


The variation in yield response 


tal and physiological factors, including the duration and severity of stress, time 


trend in available water, and growth stage. 
water supply is during pod-filling. 


The most critical stage for adequate 


In some cases, watering during vegetative and 


flowering stages reduces yields—presumably because of lodging and flower abortion. 
Apparently, soybean yields are not affected until the root zone has been depleted 


more than 60 percent. 


Some of the constraints on efficient production relate to 
environment-genotype interaction and crop yield modeling. 


Specific .areas of re- 


search include programs on the characterization of the rhizosphere, temperature 
and water-deficit effects on photosynthesis, partitioning and translocation of 
plant assimilates, and development of a practical model for scheduling irrigation. 


Kanemasu 


[1977] reported a peak daily water use of 


8.5 millimeters. 


Doorenbos and Pruitt [1977] 


presented the seasonal evapotranspiration 


(ET) range for many crops. 


The range reflects 


the climatological, physiological, and morph- 
ological differences as well as the length 


of the growing season. 
45 to 82 cm for soybeans. 


Their ET range was 
A range in ET 


METS one WS) Geley 7/5) on abey Slate\tpey ayo) Weal, il, 


Under most conditions the soybean plant 


cannot differentiate between water applied 
by nature andthat applied by man, so we can 
consider irrigation asa supplemental source 
of water for the growth and development of 


Table l. 


the plant. If the ET rate exceéedsetheson. 
bined amount from precipitation and irriga- 
tion, the soil-water reservoir is depleted 
and the plant may become stressed. Stress 
can bereflected in the rate of plant devel- 
opment, dry-matter production, or seed yield. 

The purpose of irrigation isto provide 
an economic return by alleviating water- 
deficit conditions. The economic return 
will depend on the stage of plant develop- 
ment and on the duration and severity of 
stress. This paper discusses the timingsug 
irrigation in relation to plant development 
and the effects of water deficits oGnythe 
growth and yield of soybeans. 


Season Evapotranspiration Rates for Soybeans 


ET seasonal 


(cm) 
Pit OO ean Seen COmUGA 25-39 
Urbana, IL USA 39 
Davis, CA USA 48 
Bushland, TX USA 34-68 
Manhattan, KS USA BZ 
Oakes, ND USA 50 
New South Wales, Australia 73 


Reference 


Danielson [1977] 

Peters and Johnson [1960] 
Beard and Knowles [1973] 
Dusek, Musick, §& Porter [1971] 


Kanemasu [1977] 
Carvallo et al. 
Thompson [1977] 


[1975] 
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LITERATURE REVIEW 


The response of soybeans to irrigation 
water management has been studied by: (1) 
varying the number and amount of irrigations 
per season [Khanand Ali, 1969; Matson, 1964; 
Beard and Knowles, 1973]; (2) varying the 
soil moisture level before irrigating [Over- 
tonver at., 1971; Cassel et al., 1978]; and 
(3) irrigating at specific growth stages 
[Dusek et al., 1971; Ashley and Ethridge, 
1978; Lawrence and Habetz, 1976; Danielson, 
1977]. 

As anticipated, increasing the amount 
of irrigation usually improves yields, e.g., 
from 27 to 54 kg/ha with each cm of added 
Water in Tennessee [Overton et al., 1975]; 
75 kg/ha with each cm of added water in 
Nebraska [Somerholder and Schleusener, 1960] ; 
9 to 64 kg/ha/cm of added water in Texas 
[Dusek et al., 1971]; 13 to 21 kg/ha with 
each cm of water added inCalifornia [Miller 
and Beard, 1967]; and approximately 100 kg/ha 
with each cm of water added in Hyderabad, 
India [Khanand Ali, 1969]. The differences 
between years at one location and between 
locations stemmed primarily from the initial 
moisture content of the soil, precipitation 
patterns, duration and severity of stress, 
and growth stages at which the plants were 
stressed. 

Where the number of irrigations was 
varied, soil moisture would depend on the 
precipitation and irrigation patterns in 
addition to ET; so, no two years would be 
identical. Similarly, treatments in which 
the soil moisture was not allowed to go be- 
low certain levels would have a different 
pattern of soil moisture each year, depend- 
ing on precipitation and water use. An ad- 
ditional complexity is superimposed on each 
method of assessing crop response to irriga- 
tion—the development and growth stage of 
the plant. 

Several investigators have recognized 
the importance of the growth stage in man- 
aging irrigation. Therefore, instead of 
maintaining the soil moisture above a spec- 
ified level, e.g., greater than 2 bars ten- 
sion in the upper 60 cm of the root zone, 
water was added at specific growth stages. 

Shaw and Laing [1965] studied the ef- 
fects of water deficits at selected periods 
during the flowering, pod-initiation, and 
bean-filling stages. Stress was applied at 
one of those stages and avoided during the 
remainder of the season. Yields were re- 
duced the most when plants were stressed 
during the pod-filling stage. Component 
analysis indicatedthat yield reduction re- 
sulted from fewer beans per pod. Stress 
during flowering reduced the number of pods. 

Ashley and Ethridge [1978] irrigated 


soybeans in Georgia at various growth stages 
and found alarge cultivar interaction. Ir- 
rigation during the period of vegetative 
growth had little effect onyields. However, 
Stone et al. [1975] reported that irrigation 
during vegetative stages significantly in- 
creased lodging and could seriously affect 
the yields of thetaller cultivars. Severe 
stress during vegetative development may 
reduce stand or plant stature enough to af- 
fect yield. Dosset al. [1978] found during 
a 3-year study in Alabama that the pod- 
filling stage wasthe most critical one for 
adequate water, which was consistent with 
results in Nebraska [Somerholder and 
Schleusener, 1960]. Matson [1964] found 
that irrigating during the period from the 
bloom stage to pod-fill was as effective as 
irrigating over the entire season. 


CURRENT RESEARCH AND DEVELOPMENT 


Danielson [1977] obtaineda considerable 
amount of data onthe effects of irrigating 
at specific growth stages by using a contin- 
uous, variable, irrigation-line source. In 
this design, asingle sprinkler line was ex- 
tended through the center of the field par- 
allel withtherows. This irrigation design 
provided auniform water application parallel 
to the line source, but a decreasing appli- 
cation away from the source. Hence, the rows 
farthest from the sprinkler line received 
the least water, while those nearest to the 
line received the most. Danielson applied 
water at the flowering, pod-development, and 
bean-development stages. He hypothesized 
that aresistance mechanism of the deposition 
of lipids and waxes on the leaf surface re- 
duced water loss during flowering, but was 
not operative later. 

Constable and Hearn [1978] studied the 
effects of irrigation on an indeterminate 
(Bragg) and a determinate (Ruse) cultivar in 
Australia. Both cultivars responded simi- 
larly to the irrigation treatments, which 
varied during pre- and post-flowering (Table 
2). Yields were similar regardless of the 
number of irrigations or timing. The non- 
irrigated treatments indicated a 35 percent 
decrease in yields, mainly due to smaller 
seeds. 

At maturity, nonirrigated Ruseand Bragg 
cultivars haddepleted the maximum available 
water in their rooting zone by more than 60 
percent [Burch et al., 1978]. Dusek et al. 
[1971] found that there was no yield reduc- 
tion at 60 percent depletion. Apparently, 
soil water depletions of about 60 percent 
can be imposed on soybeans without signi- 
ficantly affecting yields. 


83 


Table 2. Yield and Seed Weight of Two Soybean Cultivars Grown under Five Irrigation Regimes 


ee ee ee ee 


No. of Yield (kg/ha) Seed weight (mg/seed) 

Irrigations Ruse Bragg Mean Ruse Bragg Mean 
5 27 Si 2,943 2,840 169 198 184 
4 2995 3,003 25/99 169 198 183 
3 2aaeo 35097 2 solo 153 19T 172 
2 2,660 2,720 2,705 163 180 17Z 
0 L707 HES BAe 1,808 119 143 129 

Sor 15S 742 


Source: Constable and Hearn [1978]. 


A decline in the dry weight of the stem 
during pod-filling suggests atranslocation 
of carbohydrate from the stemtothe grain 
that could make up for a decrease in photo- 
synthesis. The two cultivars in the Austra- 
lia study differed intheir translocation re- 
sponses to water treatment. Ruse (determi- 
nate. cultivar), indicated-a 25 percent yield 
contribution from the stem, while only non- 
irrigated Bragg (an indeterminate) appeared 
to use stem storage (19 percent). Constable 
and Hearn [1978] suggested that the Bragg 
cultivar was sink-limited and did not re- 
quire stored carbohydrate; therefore, the 
stored reserves were available in case of 
reduced photosynthesis. Further analyses 
are required on other genotypes. 

Photosynthesis in soybeans is reduced 
during water stress, and a significant re- 
duction coincided with decreased water po- 
tentials and stomatal conductance. Turner 
et al. [1978] found that photosynthesis 
started todecline at leaf water potentials 
of about -16 bars. Several species adjust 
their osmotic potential to maintain turgor 
and stomatal opening. However, Turner et 
al. [1978] did not find any evidence of 
Osmotic adjustment by soybeans. Osmotic ad- 
justment (osmoregulation) may permit the 
plant to adapt to water deficits and perhaps 
may enable the plant to continue to photo- 
synthesize moderately. 

Reduced photosynthesis during pod-filling 
can be partially compensated for by the 
translocation of assimilates; however, water 
deficits that cause a substantial reduction 
in leaf area and hasten development with 
the subsequent shortening of the pod-filling 
period can significantly reduce seed size 
and yield [Thompson, 1977]. 


CONSTRAINTS ON EFFICIENT PRODUCTION 


If more efficient production can mean 
greater production per unit of water used, 
both yield improvement and water utilization 
must be addressed. Increased yields have 
been reported from narrow rows and were 


attributed to amore efficient exploitation 
of moisture from the soil profile [Peters 
and Johnson, 1960]. Genetic selection of 
genotypes for specific environments should 
be explored. Deeper root proliferation would 
increase the availability of soil moisture 
[Reincosky and Deaton, 1979]. 

Improved yields can be accomplished by 
increasing the seed set, seed weight, or both. 
Seed set and seed weight were strongly re- 
lated to canopy photosynthesis from bloom 
to pod-fill. A significant reduction in 
canopy photosynthesis has been observed 
during the afternoon. The hypothesis is 
that higher air temperatures imposed greater 
transpirational demand on the leaves and 
created a water deficit or stress in the 
photosynthetic system. Sumayao and Kanemasu 
[1979] found that the temperature of the 
leaves of well-watered soybean plants was 
consistently lower than the air temperature; 
therefore, sensible heat? from the air to 
leaves becomes anadditional sourceof energy 
for transpiration. However, asthe air temp- 
erature (Ta) increased (Ta > 32° C), leaf 
temperatures also increased. 

Research at CIAT (Cali, Columbia) com- 
pared canopy temperatures of irrigated and 
nonirrigated treatments withestimated yield 
responses [D.R. Laing, personal communica- 
tion]. That effort is in the initial stages, 
but the preliminary results appear to be 
promising. 

My hypothesis is that genotypes with 
the highest canopy temperatures under well- 
watered conditions should respond the best 
under stress conditions. To test such an 
hypothesis, a large range of germplasm is 
required. Since technology has provided in- 
strumentation (infrared thermometry) to 
routinely measure canopy and leaf tempera- 
tures, at least a modest effort in this re- 
gard seems appropriate. 

Additional studies simply applying water 
and measuring only the yield do not seem to 
be useful. But studies concerning plant 
responses and adaptations to water and tem- 
perature changes are to be encouraged. To 


ISensible heat here refers to the energy available for transfer by convection from the sur- 


rounding air to the leaf surface. 
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effectively schedule irrigation, a physiolog- 
ical crop model must be developed. Such a 
model must incorporate not only the soil 
water balance and appropriate crop response 
functions (e.g., translocation, partitioning 
of plant assimilates, photosynthesis, etc.), 
but also the crop development. Only readily 
available or easily measured inputs should 
be used. Such yield and growth models can 
then be interfaced with economic models to 
optimize water, energy, and costs. 
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Irrigated Soybeans and the Production 
of Other Legumes on the Latosols of Sri Lanka 


J.A. LEWIS 


ABSTRACT: This paper reports on the irrigation needs of soybeans when grown 
on latosols in Sri Lanka. High yields were obtained with irrigation, ranging 
from 3,000 to 6,000 kg/ha on research plots. In farmer's fields, yields aver- 
aged 2,000 to 2,500 kg/ha. Irrigation is from groundwater, so the exact 
water requirements at different stages of crop production must be determined. 
Lysimetry experiments were conducted to determine the rate of evapotranspira- 
tion (ET). Potential evapotranspiration (ETpot) was computed using the Penman 
equation. Evaporation from the class A Pan (E,) was monitored. The following 
values were recorded at the major stages of development: early growth stage, 
ET/Eg = 1; flowering. stage, ET/E9 = 1.1; pod-development stage, ET/E, = 1715; 
and bean-filling stage, ET/E5 = 1.2. Hence, yields may be adversely affected 
if the crop is stressed during the latter part of pod development and during 
the bean-filling stage. 

To study soybean response under different water availability in the soil, 
an experiment was conducted, irrigating soybeans at three levels of water 
stress: 0.26 to 0.33 bars of mercury, 0.39 to 0.46 bars), andeO7>2eton0no 2 


bars. 
velopment and yields cannot be made. 


The experiment is still in the field, so conclusions about pod-size de- 
However, the results to date indicate 


that at the highest stress (0.52 to 0.59 bars), pod development is advanced and 


less vegetative growth occurs. 


Potentially, the acreage of soybeans as an alternate crop on the latosols 


of the north and northwest regions of Sri Lanka can be increased. 


Farmers are 


looking forward to diversifying the present cropping systems because of the 


high cost of chemicals and of groundwater irrigation. 


Initial investigations 


indicate that soybeans need relatively less chemicals and irrigation water than 


other possible crops. 


With good management, very high yields have been obtained 


at the Agricultural Research Station in Thirunelvely. 
Irrigation has frequently promoted more vegetative growth and has retarded 


pod development. 


THE LATOSOL SOIL IN SRI LANKA is mainly con- 
fined to the north and northwest regions 
(Figure 1). The land area in the region is 
0.6 million ha, of which approximately 
15,000 ha could be brought under cultivation 
through double-cropping, and with ground- 
water irrigation. In addition, a consider- 
able amount of land could be used for soy- 
beans under rain-fed cultivation during the 
Maha.! At present, only 6,250 ha are in- 
tensively cultivated, mainly on the Jaffna 
Peninsula. Groundwater is found in the 
Miocene limestone aquifer below the latosols. 


IThe wet-weather period, October to December. 


Thus, the irrigation requirements at different stages of crop 
growth for soybeans need to be determined. 


The climatic conditions and excellent 
drainage properties of the soil suggest a 
high potential for the production of soy- 
beans and other legumes using controlled- 
lift irrigation. Lifting groundwater for 
irrigation, however, has become very costly 
recently. Hence,’ the exact water require 
ments of soybeans and other legumes must be 
known so efficient irrigation systems for 
such crops can be designed. 


CLIMATE 


The north and northwest dry zones of 
Sri Lanka have a relatively low annual 


John A. Lewis is Research Officer, Water Management, and is in charge of the Agricultural 
Research Station, Northern Division, Thinnaveli, Jaffna, Sri Lanka. 
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Figure 1. Map of Sri Lanka. 


rainfall. The mean is 900 to 1,500 milli- 
meters. There are long drought periods each 
year, even in the Maha. The variability is 
such that the climate is unreliable for 
raising only rain-fed crops. The tempera- 
ture is rather hot. The average is 20° C 
Over the year, but the nights are cool 
enough during the late Maha (January to May) 
to favor the growth of soybeans, mung beans 
[Vigna radtata (L.) (Wilczek)], some temper- 
ate crops, and a wide range of tropical 
crops. Evaporation in the dry weather (June 
to September) is relatively high, aggravated 
by windy conditions. The soil temperature 
during that period is 35° to 40° C ata 
depth of 10 cm, creating production limita- 
tions in raising soybeans and mung beans. 


SOILS 


Among the soil and landform units in the 
north and northwest regions, about 33 percent 


is red yellow latosol [Pannabokke, 1967]. 
The soil is deep and is highly permeable. 
Some of the best soils are suitable for ir- 
rigated legumes. 

The soil fertility is moderate to low. 
Thus, fairly high inputs of organic manure 
and fertilizers are required. In the 
northern tip of Sri Lanka (the Jaffna Pen- 
insula), the latosol soils are shallow and 
contain moderately nutrient-retentive clay. 


SOYBEAN AND MUNG BEAN CULTIVATION 


These crops were cultivated for a long 
time in Sri Lanka. During the last few 
years, however, a systematic evaluation was 
initiated of variety performance, planting 
time, and the effects of pests and diseases. 
Generally, several varieties of soybeans 
did better when planted in March and April 
so that they matured during the rainless, 
hot-weather period. Although cooler temper- 
atures prevail in January and February, the 
incidence of pests and diseases is greater 
because of the high humidity. 

The best time to plant mung beansis in 
late November. With supplementary irriga- 
tion, that crop matures during February, a 
relatively cool period (Tables. 1 and 2). 


Table 1. Results of Soybean Variety Trials 
Conducted at the Agricultural Re- 
search Station, Thirunelvely (Jaf- 
fna Peninsula), Sri Lanka, 1975 


Soybean Days to Mean yield 
variety Period harvest (kg/ha) 
Jupiter April-June 120 4,409 
Bossier April-June 107 el 
Pb-1 April-June 105 5,695 
SJ-1-2 April-June 104 Ohi 
Hardee May -August Lis 6,050 


Table 2. Results of Mung Bean Variety Trials 
Conducted at the Agricultural Re- 


search Sitatstony, Thirunelvely 
(Jaffna Peninsula), Sri Lanka, 
1978-79 
Days 
to Mean 
Mungbean har- yield 
variety Period vest (kg/ha) 
MY-50-10 November-February 73 2,139 
CES-87 November -February 73 2 LOL 
H-101 November -February ge 2,106 
MJ-1 November -February 73 yaaa ie 
MJ-4 November -February fis: I ENO) 
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CROPPING PATTERN ON THE JAFFNA PEN- 
INSULA 


There are about 12,000 dug wells in 
the Peninsula irrigating about 6,240 hec- 
tares. The farmers have invested in water 
pumps and have constructed dug wells on 
their own holdings. With these facilities, 
a very intensive system of cultivation is 
practiced: normally *wo or three*cropsea 
year. During the early part of the year; 
cool-season crops (mostly temperate types) 
including tobacco, potatoes, and chili pep- 
pers with an 8-month maturation are grown. 
Soybeans are often intercropped with chilies. 
During the hot weather (June to September), 
onions, chilies, and legumes are grown; in 
the wet weather, a green manure crop is 
grown. To maintain this system of cultiva- 
tion, costly pesticides are being used to 
control pests and diseases. 

The two major crops, chilies and on- 
ions, are irrigated frequently. » With the 
recent “increase in *che spricesat tue leet 
costs about) Rs, 2/500"(UCS#F o167) eto wee 
the water needed to irrigate an acre of the 
chili crop over the 8 months. Because of 
these constraints, farmers are prepared’ to 
diversify the cropping” pattern, 

Quite recently, more soybeans and other 
legumes have been grown. To encourage the 
cultivation of these crops, the State has 
offered a favorable price for soybeans. 
Therefore, considerable land in the north 
and northwest regions will be planted with 
soybeans in the future. 


EXPERIMENTS 


Irrigation Requirements for Soybeans 


Water management studies for soybeans 
and other legume crops were initiated in 
early 1978 at the Agricultural Research 
Station near Thirunelvely on the Jaffna 
Peninsula. The consumptive water use by 
soybeans was determined by growing the crop 
in'S lysimeters*placed side byssidem eine 
lysimeters were of the interval drainage 
type as described by Hudson [1964], i.e., 
120 cm square and containing soil to a 
depth of 90 centimeters. They were located 
at the center of a square plot of soybeans 
0.75 “‘havin@size. The variety erown was 
Tracy, with 3 months maturity. In the lysi- 
meters, the seeds were sown in rows 45 cm 
apart and 10 cm between plants in the row. 
One plant per hill was maintained in all 5 
lysimeters. Plants inside and outside the 
lysimeters received the same fertilizer 
applications, irrigation treatments, and the 
like in order to minimize the variation in 
crop growth and exposure. Irrigation was 
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provided when the soil moisture reached a 
water stress of 0.33 bars, indicated by 
tensiometers buried at a depth of 15 centi- 
meters. The results, plotted in@Pigureme 
are listed below: 


1. Weekly average of evapotranspiration 
(ET) from lysimeters (means for 5 lysi- 
meters). 

2. Potential evapotranspiration (ETpot) by 
the modified Penman equation from Pruitt 
[1960]. 

5. Class A-pan evaporation (EG)e 


The following conclusions were drawn: 


1. Soybeans appear to be very specutvenan 
their demand for water at different 
stages of growth. The mean values ob- 
tained were: (1) germination to flower- 
ing stage, ET/E9 = 1; (2) flowering 
stage (fourth to sixth week after plant- 
ing), ET/E95 = 1.1; (3) “ped*developmed: 
(sixth to eighth week after planting). 
ET/E9 = 1.15; and (4) bean-filling 
stage (eighth to eleventh week after 
planting), BIyEor="i.28 

2. Thus, maximum reduction in yield could 
be expected 1f moisture Stress waseto 
occur during the latter*parteotecn. 
pod-development and bean-filling stages. 
Mederski, Jeffers, and Peters [1973] 
observed the same trend in their in- 
vestigations. 

53. From the eighth to the eleventh wee. 
after planting, the ET rates mwere 
significantly higher than open pan 
rates and remained constant regardless 
of changes in the weather. During that 
period; ET is entirely a funetronsc. 
the crop stage and is not governed by 
the environment. Interestingly, 
Anulanthi [1979] found that in the same 
period, the moisture percentage of the 
seed dropped by an insignificant amount 
(7 percent); but from the elévenriete 
the thirteenth week, it. droppedsbyase 
percent. 


Evaluating the Water-Use Requirement of 
Soybeans 


The consumptive use of irrigation 
(water use requirement) water as monitored 
by the lysimeters was ET = 529 millimeters. 
The class A pan evaporation during the 
growth of the crop was E, = 533 millimeters. 
The potential evapotranspiration according 
to the Penman equation was ET = 508 

See pot 
millimeters. 


ZOne bar = 1,035 cm of water = 76.5 cm of 
mercury. 
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Figure 2. Weekly means of evapotranspiration (ET) by lysimetry, potential evapotranspira- 


tion per not by Penman and class A pan evaporation (E.)- 


Throughout the crop growth period 


Q, = net radiation in langleys 


there' was only 15.8 millimeters of rain, (cal/cm2) /day 
which occurred during 3 days—April 23, 24, Uz = wind speed in miles/day at height 
and 28. Since the crop was harvested on of 2m 


May 2, this source of water was not avail- 
able to the plants and can be ignored. 

The yield of the crop. in the lysimeter 
was 0.4 kg/m2 or 4,000 kilograms per hec- 
fares, ine yield of the crop in the field 
was 2,950 kilograms per hectare. 

The estimate by lysimeter for the to- 
tal consumptive use of irrigation water 
appears to be too high. It is almost the 


same as the value obtained with the class A 


pan. Since rainfall occurred during the 
last week before harvest, the quantity of 
water remaining in the lysimeters after 
harvest might have been overestimated. 
However, the lysimeter method pinpointed 
the different periods of water stress for 
the soybeans. In order to predict the 
water demand from agro-meteorological re- 


X¥ = Boltzman's constant (0.43) 

A = slope plot of saturated vapor 

pressure vs. air temperature in °F 

0.35 = (2,-24) (1+Ug), where 

Za = saturated vapor pressure in mm 
of Hg at mean temperature 

Zd = saturated vapor pressure in mm 
of Hg at dew point. 


tJ 
iT] 


The agro-meteorological station at the 
Research Centre had instruments to measure 
incoming radiation; maximum and minimum 
temperature; wet- and dry-bulb temperatures ; 
day length; and class A pan evaporation. 
Weekly averages of these data were used to 
establish the various parameters in the 
Penman equation. 

Since the equation did not contain 


cords, the Penman computation of ET ot Was factors for mrowthystages, the plot of the 
made from the well-known equation: P Penman data was not in step with that of 
the lysimetry data. In general, Penman 
A oF ied es methods appear to be underestimated. 
ET ot : EEG Mal Ge There might have been errors in some of the 
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assumptions made (reflection coefficient 
and so on). Hence, instruments to monitor 
these coefficients would be required for a 
bettersestimate, 


Three Moisture Regimes 


The experiment was conducted at the 
Research Station near Thirunelvely on the 
Jaffna Peninsula. At the surface, the, cal- 
cic red yellow latosols of the Jaffna Pen- 
insula have 32 percent coarse sand, 42 per- 
cent. fine sand, 12. percent isi lt nande2s 
percent clay. The bulk density (1.48 gm/cm9) 
creates a total porosity of 44 percent. At 
deeper Iayers, ther clay ‘content 2s greater: 
The relevant data for irrigation purposes 
are given in Table 3 [Joshua, 1973]. 

About 80 percent of the available 
water is depleted within one bar stress. 
Thus, the range of available moisture is 
small. 


Sivanayagam [1973] conducted several 
experiments on irrigated corn and chilies 
at different tensions. The studies were 
done at the Maha-Illupalama Research Station 
in, the dry zonesof Sri’ Lanka.  Hevfound 
water availability became limiting and af- 
fected growth beyond a 50 percent depletion 
of the available water, which occurs at a 
Sstressior10755" bars: 

The experiment of irrigating soybeans 
at three different water stresses dsusti11 
in progress at the Jaffna Research Station. 
However, relevant data collected to date 
can be given to highlight some of the dif- 
ferences in the growth parameters. 

Soybeans were planted on June 29, 1979. 
The treatments were irrigation to a water 
stress of 0.26: to 0.33) bars}, OvsUecomeere 
bars, and.0.52 to 0.59 bars. “Bachetresc. 
ment had 4 replicates. 

Records of dry-matter production, leaf 
area, and pod count at the three water 
stresses are given in Figures 3 ands¢ seme 


Table 3. Physical Properties of the Calcic Red Yellow Latosols of the Jaffna Peninsula 


Water at Water at the Total 
Pele plant wilting available 
capacity (%) point (%) water (%) 


14 ci I, 


Water per 


of soil (cm) 


Stress®ar 
50 percent de- 
pletion (bars) 


stress at 
meter field capa- 
city (bars) 


10 Oed 0.33 


Irrigated every 
3 to 4 days at 20 to 25 cmof Hj e——————© 
5 to 6 days at 30 to 35 cmof Hg 0O-------- ° 
6 to 7 days at 40 to 45cmof Hg e————e 


50 
40 


30 


20 


~ 


LEAF AREA (CM2/8 PLANTS) 
> a nxaowono 
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Figure 3. Leaf area of soybeans irrigated 
at different soil moisture tensions, measured 
in mercury (sample size, 8 plants). 
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Weeks 
after when irrigated pods 


POD COUNT 


Tension 


No. of 
500 


planting (cm of Hg.) 8 plants 400 
6 20 to 25 Nil 
30 to 35 170 


40 to 45 300 


20 to 25 152 
30 to 35 416 
40 to 45 544 


20 to 25 431 
30 to 35 702 
40 to 45 


© 
S 
DRY MATTER (g/8 PLANTS) 


Irrigated at 
¢ 20 to 25cmofHg e———® 
¢ 30 to 35 cmof Hg 0--------- ° 
Ky 40 to 45cmofHg @#————e 


20 


10 
3 4 5 6 7 8 


WEEKS AFTER PLANTING 


Figure 4. -Dry matter production and pod 
count of soybeans irrigated at different soil 


moisture tensions, measured inmercury (sam- 
ple size, 8 plants). 


leaf area was determined by using the 
punching technique described in Vivekananthan 
[1977]. The technique is simple and corre- 
lated well with other methods. At the 
highest water stress: (0.52 to 0:59 bars), 
vegetative growth appeared to be slower and 
pod development faster. Since the experi- 
ment is still in the field, definite con- 
clusions cannot be made about pod develop- 
ment, bean filling, seed size, and yields. 


CONCLUS ION 


Soybeans need water and other inputs 
compared with the traditional crops of chili 
peppers and onions grown in the north and 
nNortnwest regions of Sri. Lanka. Irrigated 
soybeans and mung beans have given high 
yreldseon the latosol soils. Because of the 
high cost of lift-water irrigation, deter- 
mining the actual consumptive water require- 
ment at various growth stages is important. 
Although an attempt was made to determine 
thesrequirement during, early part of the 
year, the study should be repeated for dif- 
ferent planting times. To predict the 
evapotranspiration from agro-meteorological 


records, more instruments would be required 
to determine net radiation, the crop coef- 
ficient, and the like; 
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Research on Drought Resistance and Irrigation of 
Soybeans in Parana, Brazil 


S.R. WANG, G.M. WANG, ‘ 
E.F. QUEIROZ, AND C.M. MESQUITA 


ABSTRACT: 


tant factor in drought resistance. 


The capacity of the soybean plant to survive wilting is an impor- 
Drought resistance in soybeans was charac- 
terized according to physiological parameters. 


The degree of resistance by 


soybean plants to water loss was determined, ranging from 40.7 to 52.3 percent 


in the soybean cultivars tested. 
stress was observed. 
was also studied. 


The stomatal behavior in response to water 
The effect of applying abscisic acid to prevent water loss 


The effect of irrigation on soybean production in the field was investi- 


gated. Irrigation increased the: 


roots, and stems; length of primary root; 


plant height; leaf area; dry weight of leaves, 
and number of leaves. 


Increased 


leaf water potential contributed to plant growth through greater turgidity and 


also minimized the effect of water stress 
The increase in the number of leaves 


leaf area (53.5 percent). 
in the upper part of the plant. 
the leaves (49.7 percent). 


in reducing photosynthesis. 

(17.8 percent) was less than that in 
Irrigated soybeans developed larger leaves, mainly 
This was confirmed by a greater dry weight for 
The effect of irrigation was more pronounced on the 


growth of aerial parts (49.4 percent) than on roots (36.5 percent). 

The increase in production by irrigation was 123 kilograms per hectare. 
That value is not very high, possibly because there was no water stress on the 
crop at the pod-filling stage in this experiment. 


IN NORTHEAST BRAZIL, rainfall is a limiting 
factor in soybean production. Even in the 
central region, occasional’ dry periods sof 

2 to 3 weeks occur during the growing sea- 
son... These periods are important to the 
development of agriculture. During such 
times, the soil may become very dry because 
of its low capacity to hold water. 

A water deficit can reduce soybean 
growth by modifying the physiological pro- 
cesses. Insufficient’ water during the 
pod-filling stage can be a major barrier to 
higher soybean yields. Doss et al. [1974] 
reported a greater response when water was 
supplied after full flowering than when 
applied earlier. The conclusion from the 
study was that soybean yields were most 
sensitive to water stress during the pod- 
filling stage. Spooner [1961] found little 
or no benefit from irrigation before flower- 
ing and concluded that irrigation could be 
utilized best during the fruiting period. 
Irrigation during the early stages of 
growth was not beneficial according to 
Grissomet ais (1955) 


Shin R. Wang, Gamin M. Wang, 


Mederski [1973] observed that cultivars 
differ greatly in their capacity to with- 
stand moisture stress. Under a high moisture 
deficit, stress-resistant cultivars showed 
yield reductions of about 20 percent com- 
pared to 40 percent for cultivars @ieseue. 
sistant to moisture stress. ‘Thesyvelaeees 
duction for all cultivars ranged frometsuyeo 
750 kilograms per hectare. 

The work descrzbed in this paper was 
designed to select soybean cultivars) than 
would be more tolerant to occasional defi- 
ciencies of water using physiological para- 
meters; also, to verify the ef{fectvomea 
gation on the growth and production of 
soybeans. 


MATERIAL AND METHODS 


In 1978, soybeans were grown in a xed 
latosol soil in Londrina, located in@the 
north part of the Parana State in Braz 
Leaf samples to determine critical satura- 
tion deficits were taken when the plants had 
reached their maximum development. The 


Emilsonwr., Oueiroz, and Cis Mesquita are members of the Bra- 


Zilian National Soybean Research Center (EMBRAPA) at Londrina, Parana, Brazil. 
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method used was described by Weinberger et 
al. [1972]. Thirty-six leaves of similar 
size were selected from each cultivar, taken 
from plants with petioles of 1.5 cm. To 
obtain the maximum saturation weight (Wmax), 
the petiole of the leaves was immersed in a 
cup of water inside a chamber saturated with 
water vapor. After 20 hours, the excess 
water on the leaf was removed with paper 

and the Wmax value was determined. 

The leaves were then allowed to des- 
iccate in the laboratory until they had 
Posto, 40> 50, 55, 60, and 65 percent of 
their maximum weight. After reaching the 
predetermined minimum weight for each treat- 
ment, the petiole was cut longitudinally and 
put into water in a test tube. After 48 
hours inside the saturation chamber, the 
leaves were weighed to establish the resat- 
uration weight (Wre). Finally, the leaf 
dry weights (Wd) were measured after drying 
tiewaterial-in.an°oven at 70° C for 24 
hours. 

The critical saturation deficit repre- 
sents the value of the saturation deficit 
associated with a resaturation of 90 per- 
cent. That value was calculated from the 
regression between two parameters: 


Saturation deficit = “max _- Wmin 


Wmax - Wd 
: Wre - Wd 
Resat t poh, MN tee eh ek Sen 
ae Wmax - Wd 


In order to compare stomatal sensitiv- 
ity to water stress, soybeans were planted 
in a greenhouse. The measurement of stomatal 
behavior was performed by using a diffusive 
resistance meter LAMBDA LI-60, following 
the method described by Wallihan [1964] and 
using the modified sensor described by 
Kanemasu et al. [1969]. 

The leaf diffusive resistance was meas- 
ured every 2 hours between 0800 and 1800 hours 
Pacmrday, taking the average of the first 3 
readings as a morning mean value and the last 
3 for the afternoon mean value. The abaxial dif- 
fusive resistance ryj(ap) and the adaxial 
resistance rj(qp) were determined for all 
eurtivars.. ihe total leaf diffusive .re- 
sistance (r]j,) was calculated by using the 
equation given by Henzell et al. [1975]: 


| 1 il 


Tr oTL(ABy. A=DCAD) 


In the field study, abscissic acid (5 
g/ml) was applied when the soybeans were in 
the pod-filling stage. The leaf-water po- 
tential was determined on days 5 through 8 
after the application. 

To evaluate the effect of irrigation 
on soybean production, the soybeans were 
planted in red latosol soil. Irrigation was 
applied when the leaf-water potential was 


measured using the pressure-chamber technique 
of Scholander et al. [1965]. This value was 
obtained between 1600 and 1700 hours. 


RESULTS AND DISCUSSION 


The resistance to water loss for 16 soy- 
bean cultivars is represented in Figure 1 
and; Table 1. The range was,40.7 to 52.3 
percent in the soybean cultivars tested. 
These values signify the percentage of water 
that each cultivar can lose in relation to 
its maximum state of turgidity, while re- 
taining the capacity to recover when the 
moisture conditions in the soil are reestab- 
Tashed.” "The? cultivar’ 1AG=3-was) best aneits 
tolerance to water stress. 
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Figure 1. Correlation between the satura- 


tion deficit and resaturation of the soybean 
cultivar Bragg. CNPSoja, Londrina, Brazil, 
WDA) 


Another method of evaluating how well 
plants can withstand water stress is to de- 
termine their resistance to moisture loss 
at a given water potential. Figure 2 shows 
the comparison of stomatal sensitivity 
to water stress for 2 soybean cultivars. 
With the Davis cultivar, stomatal behavior 
was Similar to that of the control plants 
during the entire 4-day period of water 
stress. With the cultivar Hardee, however, 
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Table 1. Critical Saturation Deficit of 


Some Soybean Cultivars, CNPSoja, 


Londrina, Brazil, 1979 


Cultivar CSD 
TAC-3 Byes) 
Bossier aillyeil 
UF V=1 48.5 
Bragg 48.1 
BR-1 AO 
C. Gerais AM ey 5S) 
IAC-4 ove 
Santa Rosa Atle) 


Cultivar 


Sao Luiz 
Parana 
Perola 
Andrews 
Mineira 
Florida 
Hardee 
Davis 


CSD 


45. 
AS. 
43. 
42. 
42, 
4l. 
40. 
40. 


IS Cal OnE) 106) 


3, days atterm the’ startGioruwaten stressia 


high diffusive resistance developed in re- 
This means that the 


lation tor ene, cConerols, 


Hardee stomates were closed more than those 
of the Davis cultivar because of a leaf- 
water deficit; also, that the Hardee culti- 


var suffered more from the drought treat- 


ment, compared to Davis 


DAVIS 


20 Pa sees ae ciae's CONTROL 


(SEC/CM) 


ABAXIAL 
DIFFUSIVE RESISTANCE 


ABAXIAL 


DIFFUSIVE RESISTANCE 
(SEC/CM) 


ABAXIAL 
DIFFUSIVE RESISTANCE 
(SEC/CM) 


MAMAMAMA MAM AMAMA 


TREATMENT 


HARDEE 


DAYS WITHOUT IRRIGATION 


Figure 2. Comparison of stomatal sensiti- 
vity to water stress of two soybean culti- 


vars (M = morning, A = 
Londrina, Brazil, 1979. 
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afternoon). CNPSoja, 


Hardee seems to use more water than 
Davis. During the first 3 days, the Hardee 
soybeans used all of the available water in 
the pot; then, under water stress, the sto-= 
mates began to close from a lack of soil 
water and the consequent reduction of leaf- 
water potential. 

Figure 3 shows that the soybeans treated 
with abscissic acid always presented higher 
values in terms of leaf-water potential than 
the. controls. ~The abscissic, acidsseemedarc 
help the soybean plants maintain better leaf 
water conditions. The principal function of 
abscissic. acid is to minimize thepertectson 
water stress by causing a partial closure of 
the stomates [Tucker and Mansfield, 1971]. 
That action is particularly valuable in the 
critical pod-filling period when the plant 
is most sensitive to water stress. 
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Figure 3. Effect of abscissic acid on soy- 
bean leaf water potential during drought, 
GNESoja » Hondrinal. Braci)) shor 


The results of using irrigationpase 
presented in Table 2. For irrigated 3oy— 
beans, the test values were higher for plant 
height, leaf, area, leaf area indexjeteseas 
weight, root dry weight, dry weight of the 
aerial parts, leaf-water potential, dry 
weight of the stem, root length, and number 
of leaves periplant: 

The increase in the number or ‘léayves 
(17.8 percent) was. lese than’ thatyinglegs 
area (53.5 percent). The irrigated: soybeans 
developed some new leaves, especially in 
the upper parts of the plant, and the leaves 
were considerably larger, too. The increase 
in dry leaf weight (49.7 percent) confirmed 
the change. 


Table 2. 


Effect of Irrigation on Soybeans, CNPSoja, Londrina, Brazil, 1979 


SS EE a as Be ere eee Fe ee et ok Be a a i ee et 
SSS eS SE ES ES SS SE a SS 


Increase 
Plant characteristics Nonirrigated Irrigated (percent) 
Height/plant See Cin 65.8 cm 14.5 
Leaf area/plant 1333 em2 2,046 em2 53.5 
Deatearers tek of ae. fig 4.16 6.40 Digi 
ceafuory. weleht/plant. .cqes Dewees 7.98 g 49.7 
Root ary weilgnt/plant:, . . 4 ys 2200 JG0 9 
Aerial dry weight/plant 20.36 30.42 g 49.4 
Leaf water potential -19.60 bars -16.30 bars 16,35 
Stem dry weight/plant L205 22.44 ¢ 49.2 
Root length/plant 24.38 cm 26.78 cm oA 
Number of leaves/plant Blinds 60.35 Lies 
Yield (kg/ha) 2,750 218 7s 4.4 


Mayaki et al. [1976] found that under 
irrigation, the depth of root penetration 
increased faster than plant height. In our 
tests, comparing the increase of stem dry 
weight (49.2 percent) and leaf dry weight 
(49.7 percent) with the increase of root dry 
WetentesO...7 percent), the effect of irri- 
gation was more pronounced on the aerial 


parts of the soybean plant than on the roots. 


The increased growth found in irrigated 
plants, however, was caused by the higher 
leaf-water potential that produced cell 
turgidity. That turgidity stimulates growth 
by its support of cellular processes leading 
to the synthesis of new protoplasm and cell- 
wall material [Boyer, 1968]. The higher 
leaf-water potential also favors photo- 
synthetic efficiency [Boyer, 1970] while a 
Heticit of Water im tne leaves causes the 
Gpnosite eriect. seen especially in an 
elongation of the stems and an enlargement 
OL the, leaves. 

Above-normal rainfall during the late- 


vegetative and bean-filling periods increases 


the soybean yield [Runge and Odell, 1960]. 

A direct relationship between rainfall dur- 
ing the pod-filling period and soybean yield 
has been established [Rogers and Thurlow, 
1970]. Brady et al. [1974] in a 2-year ex- 
periment concluded that irrigation increased 
soybean yields by about 20 percent and that 
Giivea third to a halt of the water, neces- 
sary for full-season irrigation could pro- 
duce equally good yields if it were applied 
during the pod-filling stage. In our field 
experiments, the increase in yield due to 
irrigation was 123 kg/ha (4.4 percent). The 
value was not high, probably because of the 
absence of water stress in the control crop 
during the pod-filling stage. 


CONCLUSIONS 


Under the conditions that prevailed 
during the year of our experimentation, it 
would not have been economical commercially 


to grow irrigated crops of soybeans. In 
drier years, irrigation might be an economi- 
cal proposition. More production studies 
will be needed to determine that. 
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Irrigation Systems for Soybean Production 
D.R. HAY 


ABSTRACT: Optimum production of soybeans under irrigation requires a properly 
selected, designed, and managed irrigation system. The factors to be considered 
in selecting the system include: topography; soil characteristics; the source, 
amount, and quality of the water supply; crop characteristics; and the labor and 
Capital available. The criteria for evaluating an irrigation system include: 
uniform distribution of water; minimum erosion or other damage to the land; 
maximum application and water-use efficiency; as well as practical and economical 
performance from the standpoint of the crop, labor and energy requirements, cost 
of land preparation, and maintenance costs. 

The two basic methods of irrigating soybeans are surface (gravity) and 
sprinkler. The most common surface methods of irrigating soybeans are the basin, 
border, and furrow systems. Furrow systems may use varied row spacings or bed- 
planting configurations. The most common sprinkler systems used for soybeans are 
center-pivot, side-roll, traveling-gun, tow-line, and solid-set. The proper land 


preparation must be accomplished during the development of an irrigated field. 
Where required, drainage must be an integral part of the irrigation system. The 
characteristics of the specific site for soybean production must govern the 


selection of an irrigation system. 


REALIZING OPTIMUM SOYBEAN PRODUCTION under 
‘eragation requires a properly selected, 
designed, and managed irrigation system. The 
system should be designed to fit the condi- 
Teonseore the field where it*°is to be used. 
Some of the major factors affecting the 
selection and operation of an irrigation 
system include: topography, soil charac- 
teristics; the source, amount, and quality 
of the water supply; crop characteristics; 
and the labor and capital available. Other 
factors include land preparation; field 
size; salinity conditions; groundwater and 
drainage; available power; crop rotations 
and cultural operations; crop yields and 
Galrry;fclimatic *conditions; crop insects 
and diseases; the cost of the water; de- 
preciation, operating, and maintenance 
costs; and socioeconomic considerations. 

The term "irrigation application effi- 
ciency" is often used to evaluate irrigation 
systems being used to try and reach the 
maximum possible efficiency. Irrigation 
application efficiency can be defined as the 
ratio of the amount of water stored in the 
soil during an irrigation for use by the 
plant to the amount of water delivered to 


toethe fticild)™ Other criteria that should 
be considered in evaluating an irrigation 
system include: (1) uniform distribution 
of water; (2) minimum erosion or other dam- 
age to the land; (3) maximum water-use ef- 
ficiency; and (4) practical and economical 
performance from the standpoint of the crop, 
labor and energy requirements, cost of land 
preparation, and maintenance costs. With 
concerns increasing about the cost and 
availability of energy, the energy require- 
ments of an irrigation system must be con- 
Sidered carefully, too. 

The literature does not contain major 
Studies comparing irrigation systems for 
soybean production. There has been a con- 
siderable effort to evaluate various water- 
management alternatives, but little effort 
regarding system effects or suitability. 
Bishop [1977] noted that “agricultural crops 
have no preference as to how water arrives 
at [the] root system." Soybeans probably 
can be irrigated with most irrigation sys- 
tems as long as the system is managed to 
meet the water requirements of the crop. 

In many cases, new irrigated production of 
soybeans will be considered for areas with 
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existing irrigation., In “such cases, (the 
improvement and management of the existing 
irrigation system is the concern, rather 
than the design of a new system. 


IRRIGATION METHODS 


The two basic irrigation methods used 
for soybeans are the surface and sprinkler 
systems. The common surface methods that 
can be used to irrigate soybeans include 
the basin, graded-border, and graded-furrow 
systems. The common sprinkler systems used 
for soybeans include laterals moved by hand, 
tow-line laterals, side-roll laterals, trav- 
eling big guns, and center-pivot units. 
Stationary big guns, solid-set units, and 
boom-type sprinklers are less common, but 
could be used for soybeans. 

A brief discussion of irrigation meth- 
ods follows, with general descriptions and 
guidelines. Detailed design information is 
available from many sources and is included 
in a number of the references. The litera- 
ture contains many descriptions of irriga- 
tion methods and systems for those who want 
more detailed information. Such sources in- 
clude Bishop [1977], Hagen [1973], and 
Israelsen and Hanson [1962]. 


Surface Units 


Surface irrigation is of importance 
worldwide. The majority of the irrigation 
done is accomplished that way. With its 
low energy requirement, surface irrigation 
will continue to be of importance. Booher 
[1974] and Bishop et al. [1967] provide good 
general references about surface irrigation. 
The science of surface irrigation continues 
to advance. Even so, considerable skill 
and talent are required by the irrigator for 
effective results. 

Surface irrigation can be used with 
many types of soils and conditions. A sur- 
face system can be designed for a wide range 
of water-flow rates while still maintaining 
high application efficiencies. Two require- 
ments of prime importance in utilizing sur- 
face methods are: (1) distribution systems 
constructed to provide adequate control of 
the water and (2) land preparation that per- 
mits a uniform distribution of water and al- 
lows excess water to drainoff [Booher, 1974]. 

With surface irrigation, the water dis- 
tribution is controlled by the land surface. 
Normally, the surface of the land must be 
modified to achieve the desired distribution 
of the water. Major design considerations 
include: (1) selecting the proper length 
and direction of run or basin size; and (2) 
matching the stream size to the soils and 
topography. 
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FURROW SYSTEMS. With furrow irrigation, 
small channels or furrows are used to move 
the water over the soil surface in small, 
parallel streams. The slope of the furrow 
moves the water across the field. Water 
can be brought to the furrows by using open 
ditches with spiles or siphon tubes to place 
the water in the furrows. Greater water ap- 
plication efficiency can be achieved by lin- 
ing the ditches to prevent seepage lasses, 

In the Great Plains of the United 
States, the water is usually delivered to 
the furrows by using aluminum gated pipe. 
Some plastic gated pipe is also employed. 
The gates on the pipe are spaced Sauthe 
water can be placed directly into the furrow. 
The gates can be adjusted to regulate the 
flow of water in the furrow. Research is 
currently underway using plastic pipe buried 
30 to 45 cm below the surface, with an out- 
let to each furrow [Worstell, 1976; and 
Worstell, 1979]. 

If designed and operated properly, 
furrow systems can apply water efficiently 
and uniformly. The design must consider 
furrow spacing, furrow grade, cross slope, 
stream size in the furrow, and the length 
of the run. The furrows must be spaced so 
the water will be distributed uniformly in 
the soil, while also accommodating the cul- 
tural practices used for the crop bere 
grown. 

In Kansas, the common furrow spacings 
for soybeans are 76 and 152 centimeters. 

The soybeans are planted on the flat surface 
with the furrows made after the crop has 
reached a height of 30 to 60 cm, or on beds 
made. before planting. On 152 cmybeds oat] 
most common planting configuration is two 
rows 76 cm apart. This spacing allows 
mechanical cultivation to be done easily. 

Other planting configurations are also 
used. The Irrigation Experiment hiedaga. 
Scandia, Kansas has evaluated two (76 cm 
spacing), four (39 cm), and six (25 cm) rows 
on a ,152 cm bed. Irrigating the IS2iem 
beds was comparable to irrigating only al- 
ternate rows of soybeans planted in rows 76 
cm apart. Results for several years at the 
Irrigation Experiment Field have shown that 
yields from alternate-row irrigation (with 
76 cm rows) were almost the same as those 
produced by irrigating every row. The con- 
figurations using four and six rows per bed 
(152 cm) produced yields equal to two rows 
per bed. However, the four- and six-row 
configurations will not allow mechanical 
cultivation if required for the weeds [Raney 
and Scharplaz, 1975]. Various planting 
configurations are used on beds for soy- 
beans. Bed-planting enhances surface drain- 
age. 


There are many different types of fur- 
row openers and equipment for bedding. A 
consideration in using furrow irrigation 
with soybeans is that ridges of soil should 
not be made between the rows that would pre- 
vent a combine header from operating as 
close to the ground as possible. 


A slope is required to move water across 


the field. To avoid excessive erosion, fur- 
row slopes generally should not exceed 2 
percent. The most desirable furrow slopes 
Wowrdebe U.2 to 0.5 percent. ‘Some cross or 
Side slope is allowable, generally not more 
than twice the forward slope. 

For best efficiency with furrow irriga- 
tion, the largest practical stream should 
be used to force the water across the field. 
At the same time, the flowing water should 
NGL cause €xcessive erosion. The maximum 
stream is often based on three limitations: 
(1) soil intake rate; (2) maximum nonero- 
Sive stream flow; and (3) furrow capacity. 

The maximum allowable length of a run 
on a particular soil and slope is the dis- 
tance that the greatest allowable furrow 
stream will flow and still give reasonably 
uniform distribution along the furrow. The 
primary factors determining the proper 
Teiet Ot Lhe stn varestie type of soil, the 
Slope, and the erosion and drainage hazards. 

Runoff must occur at the lower end of 
the field to ensure uniform water applica- 
tion there, “the mumorf can be controlled 
by decreasing the size of the stream in the 
furrow after the initial stream reaches the 
lower end of the field. This is often re- 
ferreasto, as the “cutback” method. It re- 
quires additional labor to make the change 
in stream size. Using tailwater recovery 
(runoff water from the lower end of field) 
and reuse systems has become common in the 
Great Plains. Runoff water is collected at 
the lower end of the field, conveyed to a 
sump or pit, and then pumped back to the 
upper end of the field for reuse on the same 
field or on another one. 


BORDER SYSTEMS. The border method of 
irrigation confines water between small, 
parallel ridges of soil—the borders, dikes, 
or levees—which guide a sheet of flowing 
water down the slope. The area between the 
ridges is often called a border or border 
strip. Border irrigation is commonly used 
to irrigate alfalfa, pastures, and fields 
of small grain; but it could be adapted in 
most cases for soybeans. Typical border 
widths range from 6 to 18 meters. The 
distance between dikes depends on the amount 
of water available and on the cross slope, 
if any. The borders should be as close to 
being level crosswise as possible. Cross 


Slopes will cause the water to concentrate 
along one side of the border, creating an 
uneven distribution of the water. Border 
irrigation is commonly used when the slopes 
in the direction of irrigation are from 

Osi Sto, 1s) percent. 

To design a border irrigation system 
involves considerations of soil type, slope, 
the dimensions of the borders, and the flow 
of the water so that the desired amount of 
water is applied uniformly to the entire 
field without waste from deep percolation 
or surface runoff. The hydraulics of border 
irrigation have been studied extensively, 
and considerable design information is 
available [Soil Conservation Service, USDA, 
A ie N pe 

Border irrigation probably could be 
used successfully for soybean irrigation if 
the system is properly designed and oper- 
ated. Small corrugations in the downslope 
direction might be useful to help the water 
move across the field in borders cropped 
with soybeans. 


BASIN SYSTEMS. The basin method of ir- 
rigation has been used throughout the world 
for as long as irrigation has been practiced. 
Basin (level-basin) irrigation involves ap- 
plying water to a level area of any shape 
surrounded by a control barrier, such as a 
dike. Water is applied to the basin over 
a short period of time and is confined un- 
til being absorbed by the soil. 

The correct basin size depends on the 
flow rate of the water and the infiltration 
characteristics of the soil. Basin irriga- 
tion can be adapted to most crops and soils 
and to certain low-quality sources of water; 
but it is best adapted for soils with medium 
to slow intake rates and medium to high 
water-holding capacities. High application 
efficiencies can be achieved by using basins 
if a proper design and application amount 
are employed. 

Furrows or beds can be used within a 
basin since the same elevation of water will 
be attained on all parts of the field. The 
furrows are connected at both ends of the 
field. Large streams of water are required 
so the entire basin can be covered rapidly 
in order to achieve uniform distribution. 
Stream size is a primary factor in determin- 
Ing basinesize, 

A major limitation of level-basin irri- 
gation is that precision leveling is requir- 
ed in order to achieve an even distribution 
of the water. This has been made easier by 
using land-leveling equipment controlled 
by lasers. Basin irrigation normally re- 
quires more land leveling than other surface 
irrigation methods. 
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Erie and Dedrick [1979] provide basic 
design principles for basin irrigation. 
Four factors must be considered in such de- 
signs, the: (1) water-intake characteristics 
of the-soil; (2) savatlable alow rate; (4 )e1e- 
sistance to flow caused by the crops; and 
(4) quantity of water to be applied. Basin 
sizes range from 0.02 to 16 hectares. Addi- 
tional design information is available from 
many sources, including: Booher [1974]; the 
Soil Conservation Service, USDA [1974]; and 
Slabbers [1971]. 


Other Considerations with Surface Units 


Surface irrigation is very versatile 
and can be used to irrigate a variety of 
crops under many conditions. A complete 
surface irrigation system is not purchased 
directly from an equipment dealer. The sys- 
tem must be designed for the specific site, 
integrating the Jandecharac¢cteristics, andsthe 
equipment necessary for water distribution. 
Because surface systems and the land have no 
uniformity, surface irrigation requires in- 
tensive management. 

Land grading and shaping is important 
for good application efficiency and uniform 
water distribution. Rawitz [1973] calls 
land grading the basic and most important 
operation in’ the construction ofa surface 
iyrigation system. Precision leveling 1s 
required Tor basin irrigation, as noted. 

The quality of land leveling wild arrect 
efficiency. Booher [1974] and the Soil Con- 
servation Service [1959] are among the 
sources of information on land preparation 
for surface irrigation. 

Automating surface irrigation is relat- 
ed to concéms about limited supplies of 
water, labor, and energy. The automation 
of surface irrigation started with water 
control im 7open dutehes ine tie middle to 
late 1960's [Haise and Kruse, 1969; 
Humpherys, 1967]. As irrigators started to 
use pipelines for water distribution, con- 
siderable work was done on control systems 
for sequencing through irrigation sets 
[Humpherys, 1971; Eisenhauer and Fishbach, 
1978; Humpherys 27 or.5 "197917" That work 
continues. A recent report on automation 
describes equipment that will control the 
flow from each gate on gated pipe, rather 
than on a full set [Stringham and Keller, 
1979]. Other work with the level-basin 
systems in the Southwest United States has 
resulted in automated efforts to control 
the flow into the basins [Dedrick and Erie, 
Loe: Pete rand Dedrick, 19%8)|. 

Irrigators should continue to adopt 
modern surface-irrigation technology where 
the soils, topography, and other factors 
permit. Aluminum and plastic gated pipes 
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are now used widely for water distribution, 
although open-ditch laterals and siphon 
tubes are still employed. Underground 
plastic pipe or lined ditches for @wacem 
conveyance are desirable for improving 
system efficiency and reducing labor re- 
quirements. The development of automated 
surface systems reduces the labor require- 
ments but increases the investment costs. 
A continuing advantage of surface systems 
is their low energy requirement. 


Sprinkler Units 


Many types of sprinkler systems now 
available would be suitable for use on soy- 
beans. Only general descriptions of) the 
major system types will be given here. The 
application efficiencies of sprinkler sys- 
tems tend to be higher than those of Surface 
systems, partly because some of the manage- 
ment factors are built into sprinkler sys- 
tems. However, the efficiency otesprvineie7 
systems varies greatly: Efficiency siceat. 
fected by evaporation during application, 
evaporation from the soil surface, runoff 
due to high application rates, nonuniform 
distribution, and the amount of water being 
applied. 

Sprinkler irrigation can be used) were 
surface irrigation is inefficient or impos- 
sible because of GxXCeSSive Slopes sirtegu. 
lar topography, erosive soil, unfavorable 
intake rates and soil profiles, or combina- 
tions of these factors. Any sprinkler sys- 
tem must be designed to fit the Condieans 
under which it will be used. The major fac- 
tors to consider are: (1) applicarionere... 
(2) application amount; (3) system capacity; 
(4) uniformity of application; (5) water 
losses; and (6) economical pipe size, 
Several sources provide design and descrip- 
tive material on sprinkler systems. These 
include Pair [1975], Christiansen and Davis 
[1967], and Pair [1968]. 

Sprinkler irrigation can be adapted to 
most sites, but careful consideration must 
be» given,to system, selection.) Sprinkler 
systems require a relatively highwanieégal 
investment and have an additional energy re- 
quirement in order to provide the pressure. 
Usually, little or no land leveling wiissnced- 
ed. On sandy soils with high intake rates 
or on nonuniform soils with varying intake 
rates, water applied by a properly designed 
system is distributed more uniformly than 
by other methods. Light and frequent ap- 
plications can be made efficiently on shal- 
low or sandy soils. 


SYSTEMS MOVED BY HAND. These systems 
consist of aluminum pipe laterals with 


sprinklers. The laterals are set in one 
location and allowed to operate until the 
desired application has been made. Then, 
the pipe must be moved laterally 15 to 20 
meters for the next set. The investment for 
such a system is relatively low, but the 
labor requirement is relatively high. Sys- 
tems moved by hand can be used on odd-shaped 
fields and on rolling topography. The 
taterals are normally pipe that is 10 cm in 
diameter, although pipe with a diameter of 
Seomenre/ .o, cm could’ bé used. in.small sys- 
tems. Hand systems can utilize small 
sprinklers or the large-volume, gun-type 
sprinklers. The labor requirement is high 
for both types. The operating pressures of 
the system will normally be 310 to 415 kilo- 
Pascals (kPa)l, or 45 to 60 pounds per 
square inch. 


TOW-LINE SYSTEMS. These are sometimes 
referred to as end-tow or tractor-tow sys- 
tems. The tow-line system is normally a 
sprinkler lateral made of aluminum pipe 10 
cm in diameter. The lateral is equipped 
with skids under the pipe joints and out- 
Peepers ty Keep tnessprinklers upright. The 
lateral is generally 400 meters long, with 
mainline pipe running through the middle 
of a field that is 800.meters wide. The 
lateral is towed by a tractor back and forth 
across ©he-centerline of the. field. The 


distance between lateral settings is normally 


18 to 20 meters. The path in which the 
sprinkler is towed will damage 2 or 3 rows 
of a crop. Tow-line systems work best in 
rectangular-shaped fields. The cost of a 
tow-line will be greater than for a system 
moved by hand, but will have a lower labor 
requirement. Near [1975] describes tow- 
line systems in detail. 


SIDE-ROLL SYSTEMS. The aluminum lat- 
eral line is mounted on wheels. In many 
Systems, the pipe serves as the axle for 
the wheels. The system is operated like 
one moved by hand, except that the system 
moves between lateral sets on wheels. The 
spacing for the lateral set normally will 
be 18 to 25 meters. The main line pipe is 


run along the edge of the field and connected 


fowtne lateral’ with a’ short) section of* flex- 
ible hose. Most side-roll systems use an 
air-cooled, gasoline engine located near the 
center of the lateral for moving power. 

The length of the lateral normally is 400 
meters. Side-roll systems must be used on 


lone kiloPascal (kPa) equals 6.894 pounds 
per square inch. A Pascal is measured in 
Newtons per square meter. 


rectangular fields. They are difficult to 
use on sharply undulating fields. The cost 
of the side-roll system is greater than 

that of the hand-move and tow-line systems. 
The labor requirement will be slightly less 
than for a tow-line setup. Williams [1975] 
discusses the use of side-roll systems. 


TRAVELING, BIG-GUN SYSTEMS. The travel- 
ing gun consist of a single high-capacity 
nozzle mounted on a 3- to 4-wheel trailer. 

A 200-meter, flexible hose is used to sup- 
ply water to the system. The system has a 
cable that is 500 meters long, stretched 
across the field and anchored at the other 
end to begin a set. An internal-combustion 
engine or a water turbine on the trailer 
operates a cable winch. As the winch turns, 
the trailer moves across the field—pulling 
the flexible hose which 1$ connectéd to a 
main line in the center of the field. Some 
traveling, big-gun systems use semirigid 
tubing to deliver water and to pull a big- 
gun sprinkler across the field. A common 
area per set for a 400-meter travel path 
will be approximately 4 hectares. To 
achieve relatively good water distribution, 
the travel lanes should be spaced at 60 to 
65 percent of the wetted diameter) at. the 
operating pressure reported by the sprinkler 
manufacturer. The sprinklers on’ the: tra- 
veling big-gun units normally require op- 
erating pressures of 550 to 690 kPa with the 
corresponding pump pressure at 690 to 860 
kiloPascals. This high pressure require- 
ment increases the pumping horsepower need- 
ed and the fuel consumption. The system 
can be adapted to various crop heights, 
odd-shaped fields, and irregular topography. 
The application rates are relatively high. 
The initial investment is greater than for 
the tow-line and side-roll systems. The 
labor requirement 1s) likely’ to be equalto 
or greater than that for a tow-line system. 
Kruse [1975] presents the characteristics 
of the traveling big-gun system. 


CENTER-PIVOT SYSTEMS. A center-pivot 
system is a self-propelled, continuously 
moving sprinkler lateral that rotates 
around a center pivot point, irrigating a 
circular area of approximately 52 to 54 ha 
outeaf 649ha ian ayfielid 805 meters: square. 
The lateral is supported by towers spaced 
30 to 60 meters apart, utilizing cable or 
truss supports. The towers can be fitted 
with steel wheels or wheels with rubber 
tires. Center-pivot systems can be propell- 
ed by electric- , oil- , or water-driven 
systems. Oil- and electric-drive systems 
have a higher initial investment than water- 
driven ones but have the capability of 
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reversing instantly. Also, they can be 
moved forward or backward without applying 
water. Center-pivots can operate on rolling 
topography and have several rotation speeds 
allowing a variation in application amounts. 
The operating pressures for impact sprinkler 
systems are 380 to 550 kiloPascals. The 
systems utilizing spray jet-type nozzles 
operate at pressures of 170° to 275 kilo- 
Pascals. Application rates with the spray- 
jet nozzle systems are high. Caution should 
be employed inusing these systems on soils 
other than sandy ones. The investment cost 
will be greater than with most other systems, 
but the labor requirement will be lower. 
Circular or rectangular fields are required, 
although short systems can be employed on 
irregularly shaped fields by using multiple 
pivot points and moving the system from 
point to point. Surface drainage must be 
provided with any sprinkler system; but 

this is often not considered with center 
pivots, leading to problems with surface 
drainage. Bergsrud [1979] provides an ex- 
cellent description of the various options 
available on center-pivots as well as general 
guidelines for system selection. Pair 
[1975a] presents a good discussion of the 
design considerations that affect water 
distribution with center-pivot systems. 


OTHER SPRINKLER SYSTEMS. The newest 
innovation utilizing the center-pivot tech- 
nology is the continuous lateral-movement 
system. These systems use a lateral similar 
to a center-pivot, but the lateral moves 
in aistraight line rather; thanintarcire les 
The systems now available commercially are 
supplied with water from a pump, mounted on 
the system, that pumps water from an open 
ditch. Systems probably will be available 
in the near future that will use a flexible 
hose to supply the water. Although not com- 
monly used, boom-type sprinklers are avail- 
able that could be employed for soybean ir- 
rigation—utilizing a rotating-boom system, 
which must be moved, or a system that is 
moved mechanically. In addition, a boom 
mounted on a crawler tractor equipped with 
a pump and moved along an open water-supply 
ditch has been used. 


OTHER IRRIGATION METHODS 


Drip irrigation is being practiced in 
many of the arid areas of the world where 
water conservation is critical. Drip irri- 
gation is the frequent, slow application of 
water—usually with plastic pipelines and 
emitters or drip irrigation tubing. Cur- 
rently, the. high initial. cost ‘of drip irr- 
gation equipment for field crops is likely 
to preclude its use for most soybean production. 
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Subsurface irrigation (controlling the 
water table by using an underground distri- 
bution system) also probably will not come 
into common use for soybean production. 


DRAINAGE 


For optimum crop production, adequate 
drainage facilities are as important as ir- 
rigation itself [Joseph et al., 1970]. Both 
surface and subsurface drainage must be -con- 
trolled adequately. Only surface drainage 
may be necessary in many areas. Land shap- 
ing and leveling provides for the distribu- 
tion of irrigation water and for surface 
drainage, too. Drainage is one of the most 
critical aspects on which long-term agricul- 
tural production under irrigation depends. 

The importance of drainage is emphasiz- 
ed, but the details of drainage design and 
practice are not. included here... Forgsucn 
information, consult the technical litera- 
ture and design guides, such as those issued 
by the Bureau of Reclamation [1978] and the 
Soil Conservation Service [1973]; also, by 
van Schilfgaarde [1974]. The drainage 
system should be planned at the same time 
as the irrigation system. 


SYSTEM EVALUATION AND MANAGEMENT 


Most soybean irrigation is done with 
existing irrigation systems. These systems 
may or may not be well designed and properly 
used. Merriam and Keller [1978] have pro- 
vided an excellent resource for the evalua- 
tion of irrigation systems in their recent 
publication "Farm Irrigation System Evalua- 
tion: A Guide for Management.'' The tech- 
niques for system evaluation they describe 
are designed for evaluating actual opera- 
tion and management; also, for determining 
the potential for a more economical and 
efficient operation. Such evaluations are 
necessary when deciding whether to continue 
existing practices or to improve them. 
Better management of water on the farm may 
conserve water, labor, and soil and may 
also increase crop yields. 

The best possibilities for saving water 
and labor usually exist when the water sup- 
ply is flexible in terms of frequéncy, rate, 
and duration.. Flexibility in frequeney 
means that the water is available on or 
near the day when it is needed to match the 
moisture demands of the crop. Flexibility 
in rate means that the rate of supply can 
be changed to match different sizes of 
fields and cutback streams and can also ac- 
commodate varied rates of infiltration, 
thus smoothing out the irrigator's workload. 
Flexibility in duration means that the water 
can be turned off as soonas the soil-moisture 


deficiency has been met and requirements 
for leaching have been satisfied. Such 
flexibility is necessary in order to achieve 
an efficient use of water. 


SUMMARY 


Most irrigation systems, both surface 
and sprinkler, can be used or adapted for 
growing soybeans under irrigation. Success 
depends on the proper selection, design, 
and operation of the irrigation system. 
Some of the factors that must be considered 
in the selection and design of a system are 
tie. (i) source; amount,. and quality of 
the water supply; (2) topography; (3) soil 
Phatacteristics; (4) cropping program; (5) 
labor available; and (6) investment re- 
merea, ine system must be selected and 
designed to fit the site where it will be 
used. Land shaping and proper drainage are 
essential parts of the planning and devel- 
opment. Evaluating the actual system's 
operation and management can help determine 
the potential for a more economical and 
er icient, operation. 
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salinity Management for Soybean Production 


J. VAN SCHILFGAARDE 


ABSTRACT: Soybeans showa wide variation insalt tolerance. Some commercial vari- 
eties aremoderately tolerant. The tolerant varieties tendto exclude chlorine (Cl) 
from the leaves. No clear evidence has been reported of specific sensitivity to 
sodium. In contrast to some other species, salinity causes an excessive accumula- 
tion of Pi, inorganic phosphorus energy source, asorthophosphate inthe leaves even 
when Pi levels inthe root media are relatively low. The range ingenetic variabil- 
ity permits the selection of tolerant varieties where salinity is a problem and 
offers promise for combining further salt tolerance with other desirable traits in 
future breeding programs. 

For general use, salt tolerance is most readily expressed in terms of two para- 
meters: the threshold salinity, below which there is no yield depression; and the 
slope of the yield-depression line beyond the threshold. The U.S. Salinity Labora- 
tory has long advocated that salinity be measured according to electrical conduc- 
tivity (EC) expressed inunits of the saturation extract. The units are deciSiemens 
per meter (dS/m). A Siemen equals ohms + meter. 

Salinity management, always anintegral part of water management under irriga- 
tion, requires that accumulating salts be removed through drainage. All irrigation 
water contains some salt, but the water that is evapotranspired does not. The 
fraction of the applied water that percolates below the root zone is called the 
leaching fraction (L). The average, steady-state fraction that must percolate below 
the root zone toavoid excessive salt buildup is the leaching requirement (L;). Asa 
good first approximation, these water fractions are inversely proportional to their 
salt concentrations or, conveniently, their electrical conductivity. Thus, we may 


write: 

L = 9%1/da or Ly = 04 /0q*. 
The salinity of the drainage water ([%d), depends onthe leaching fraction obtained. 
L, isdetermined from the permissible drainage water salinity ([a*). Of the various 


schemes for estimating Ly, a simple yet effective one is based on an approximate 
root zone average, using the equation: 


Oq* +5 Se - 9i, 


where Je is the average root zone saturated extract EC and %i the EC of the irriga- 
tion water. The threshold salinity for the crop considered is then used for Oa, 
This method yields lower values for L; than ones often recommended in the past. 

ne only provides a lower limit for the amount of leaching water needed—and, 
hence, of irrigation water. Good water management requires timely and uniform 
applications of the proper amounts of water, including a provision for leaching and 
for sufficient drainage. The minimun drainage requirement isdetermined by L,; the 
actual drainage requirement, by the irrigation system and its management. Only 
through properly managed and adequately integrated irrigation and drainage systems 
can salinity problems be kept under control without excessive costs in terms of 
natural and/or financial resources. Frequently, leaky or poorly operated water 
distribution systems dominate in causing salinity problems. 


SALINITY IS AN EVER-PRESENT CONCERN when introduced with the irrigation water must 
crops are grown under irrigation. Salt be removed in order to prevent a buildup 


a aaa 
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in the soil solution to levels that will 
harm the crop. Although the mechanisms of 
salt tolerance by plants are not well under- 
stood, enough information is known about 
crop plants in general and for soybeans 
[Glyctne max (L.) Merr.] in particular to 
develop general recommendations for water 
management. Following a brief discussion 

of plant tolerance, such management strat- 
egies will be described. 


SOYBEAN TOLERANCE TO SALINITY 


The tolerance of a crop to salt is ex- 
pressed most effectively as the yield ex- 
pected for a given level of soluble salts in 
the soil solution in relation tothe yield in 
the absence of salinity [Béernstein, 1974]. 
Such relative tolerances reflect the expected 
response of crops grownunder recommended, 
normal cultural practices — In the litera- 
ture, one finds data obtained through numer- 
ous experimental techniques. Although these 
data often are valuable for the study of 
specific effects, some common standard must 
be used for comparison. 

Maas and Hoffman [1977] summarized the 
available literature, expressing their con- 
clusions in terms of the threshold below 
which crop yields were not depressed by sal- 
inity and a factor for the rateof yield re- 
duction per unitsofoincredse in salinity 
above the threshold. Following the practice 
of the staff at the U.S. Salinity Labora- 
tory [1954], the unit used was the elec- 
trical conductivity of the saturation extract 
(Ce) in deciSiemens per meter. For soybeans, 
they reported a threshold of 5 dS/m and a 
slope of 20° percent yield reduction per 
deciSiemens per meter:  Thesesvalues, while 
not directly comparable, seem to agree with 
the tolerances reported by others [Lavado, 
1973; Sepaskhah, 19775 Nukaya eo. 1Oo77 |, 
although Slama and Bouaziz [1978] found a 
substantially greater sensitivity. Quali- 
tatively, soybeans are moderately tolerant 
to salt, although the sensitivity above the 
threshold is higher than that of many other 
crops classed as moderately tolerant. 

As a first approximation, crop plants 
respond to salinity as a function of the 
Osmotic potential of the soil solution with- 
out regard to ionic species. Specific ion 
effects do occur, however, and adverse ef- 
fects created by excessive levels of Na and 
Cl have been noted [Bernstein, 1974]. We 
shall come back later to ion toxicity in 
soybeans. 

Maas and Nieman [1978] reviewed the phys- 
iological response of plants to salinity. 
One way of explaining plant response is the 
concept of total stress. A more satisfying 
hypothesis is based on bioenergetics. All 
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plant growth processes require energy. 

This energy, initially derived from the sun, 
is trapped, transferred, and used through a 
complex set of reactions. A’ Key Danian 
these reactions is the adenosine phosphate 
system. Orthophosphate is combined with 
adenosine diphosphate (ADP) to form adeno- 
Sine triphosphate (ATP), storing energy in 
the process. The “ATP is/able tovgranster 
energy from the point of entrapment to the 
point of need within the plant, where the 
energy is reduced again toADP or AMP (adeno- 
sine monophosphate) as work is performed. 
The intricate balancemaintained within the 
various organs of the plant (homeostasis), 
thus, is largely regulated by the energy 
balance reflected by the ratios between the 
amounts of adenosine phosphates present, a 
relation that can be expressed’ in terms or 
the adeny-late energy charge (AEC) according 
to the following equation in which the 
brackets indicate molar concentrations: 


[ATP + 1/2[ADP 
[ATP] + [ADP] + [AMP] 


When plants are exposed to stress from 
any cause, they react inappropriate ways in 
order tomaintain homeostasis. The response 
requires energy; as a consequence, less 
energy is available for growth. Therefore, 
one would expect theeffects of salinity— 
and of phosphorus nutrition—to be reflec- 
ted in the adenylate energy change. This 
has now been demonstrated [Nieman and Clark, 
1976; and Nieman, unpublished]. 

One of the important energy-consuming 
processes related to salinity isthe adjust- 
ment of the osmotic potential within plant 
organs so that turgor is maintained and 
growth is not impeded. This process in- 
volves the selective transport of ions and 
the production of organic osmotica (soluble 
organic compounds). 

Probably because of the homogeneous 
genetic base of most varieties of cultiva- 
ted species, the salt tolerance Of Varieties 
within species is often given as relatively 
uniform [Bernstein, 1974]. In fact, Abel 
and MacKenzie [1964] found that of 6 soybean 
varieties, 2were relatively salt-tolerant, 
2 were intermediate, and 2 were quite sensi- 
tive. Lee was among the tolerant varieties; 
Jackson, among the sensitive ones. The 
tolerance values of Maas and Hoffman [1977] 
compare with those for Lee soybeans. 

In follow-up work, Abel [1969] deter- 
mined that tolerance was closely related to 
chloride accumulation in the leaves and 
that this accumulation seemed to be con- 
trolled bya single gene, with the gene for 
chloride exclusion (tolerance) being domi- 
nant. Slama and Bouaziz [1978], on the 
other hand, implied that soybeans are 
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sensitive to sodium. In a field test with 

2 varieties, they found that both were quite 
sensitive, with Amsoy being even less toler- 
ant to salt than Flora. These investigators 
used NaCl to salinize the irrigation water 
applied by sprinkling. Curiously, they re- 
ported high accumulations of sodium in the 
roots, but low levels in other tissues; they 
did not report the chlorine levels. These 
results indicate that soybeans are one of 
the few herbaceous plants exhibiting speci- 
ficwiowP toxicities. 

Another indication of the effect of sa- 
linity on metabolism is the level of ortho- 
phosphate (Pi) in photosynthesizing leaves. 
With corn (Zea mays L.), alow concentration— 
0.2 millimoles (mM)—of Pi in the saline 
nutrient solution (-4 bars) reduced the 
level of Pi in the leaves compared to a non- 
saline solution and with it the level of ATP 
anduthe AEC; (thus indicating a deficiency of 
Pi for phosphorylation [Nieman and Clark, 
1976]. A similar reduction was found for 
tomatoes (Lycoperstcon esculentum Mill), 
kidney beans (Phaseolus vulgarts L.), saf- 
flower (Canthamus tinetortus L.), and mus- 
tard (Brasstca sp.). But with soybeans, 
this level of Pi in solution (0.2 mM) caused 
a lethal level of accumulation of Pi in the 
leaves {Nieman, unpublished]. The same le- 
thal effect was not obtained with corn until 
the Pi concentration was raised to 2 milli- 
moles. Soybean leaves showed increased con- 
centrations with only 0.02 mM in the solu- 
tion. Thus, a definite interaction occurs 
between salinity and P nutrition in a number 
of crops. Soybeans are especially sensitive 
tesPi? 

To put these data in perspective, one 
should note that a concentration of 0.02 mM 
of Pi is very low for a nutrient solution, 
but) still high compared to the level of ‘or- 


thophosphate usually found in soil solutions. 


Reisenauer, as quoted by Rhoades and Bern- 
stein [1971], found that the soil solution 
for 73 percent of 149 soil samples contained 
less than 0.15 milligrams per liter of phos- 
phorus as P04 (approximately 0.0015 milli- 
moles). 
In summary, soybean varieties differ 

widely in their salt tolerance. Some com- 


mercial varieties are moderately tolerant. 
The tolerant varieties tend to exclude Cl 
from the leaves. In contrast to some other 
species, soybeans are sensitive to Pi in 
the nutrient solution and tend to accumu- 
late lethal levels of Pi in the leaves, 
even when Pi levels in the root medium are 
low. No clear evidence has been reported 
of specific sensitivity to sodium, 


WATER MANAGEMENT FOR 
SALINITY CONTROL 


Irrigation water contains salt; water 
that is evapotranspired does not. Thus, 
unless there is provision for drainage, the 
salinity in the soil solution continues to 
increase. The fraction of the applied wa- 
ter (irrigation plus rainfall) that perco- 
lates through the soil beyond the root zone 
is called the leaching fraction (L). When a 
quasi-steady state prevails and if the as- 
sumptions are made that the amount of salt 
taken up by the crop is negligible and that 
there are no chemical reactions, then L can 
be expressed according to the following 
equation, in which D represents the depth 
of the water, C represents the salt concen- 
tration (in, say, mg/l), and the subscripts 
1 and d represent irrigation and drainage, 
respectively: 


L = Dg/Di = Ci/Cq, 


When, for convenience, the salt concentra- 
tion is expressed in terms of electrical 
conductivity (oc), the expression for L be- 
comes: 


L = oj/og. 

To avoid a crop-yield reduction, the 
electrolyte concentration of the soil solu- 
tion must be kept below a prescribed level. 
In concept, this is attained by providing 
enough drainage so that oq does not exceed 
a designated level, og. The leaching re- 
quirement, L,, is the leaching fraction re- 
quired to keep og from exceeding oj: 


Ly = 04/04. 

The question remains: How is one to 
establish appropriate values for 04? To 
this end, I refer to the salt-tolerance 
lists already cited by Maas and Hoffman 
[1977]. Generally, these tabulations are 
based on experimental conditions under which 
the salinity throughout the root zone is 
nearly constant, obtained by using a high 
leaching fraction for ohh. It has been cus- 
tomary to use the value of o, expressed in 
terms of the saturation extract (o,), at 
Which -the- yield sisyreduced 50) percent. 
Thus, for soybeans, od =a5 4° (SO0/20) =) #595 
dS/m. With an irrigation water having oj = 
2°dS/m, one obtains L, 2=°2/7.5 = 0.27. 
However, recent findings have led to the 
realization that this method of estimating 
Ly is ultraconservative [Bernstein and 
Francois, 1973; van Schilfgaarde et al. 
1974]. 
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The values shown above have given rise 
to a different hypothesis. As roots extract 
water from the soil solution, the salt con- 
centration in the water increases as does 
the energy required for further water extrac- 
tion. The limit beyond which roots cannot 
extract water may be estimated by extrapolat- 
ing the (generally linear) plot of relative 
crop yields against salinity to the point at 
which yields would be depressed 100 percent. 
The minimum acceptable leaching fraction, Ly, 
is derived from this salinity at zero yield, 
expressed interms of the soil solution. If 
the ratio between the water content in a 
saturation extract and at field capacity is 
taken.as. 2, then og =)2yo._,, where Ge-o715 
the saturation extract salinity at which the 
yield is zero. Using this method, Ce aes 
10 dS/m for soybeans and for oj = 2 dS/m, 
L..= 2/20 = 0.10, Forvmost crops, thes 
determined this way is a third to a quarter 
of that obtained by using the older method. 

The rationale behind the new method is 
satisfying. Good data are limited (nonexis- 
tent for soybeans), but the data available 
clearly indicate that the older method over- 
estimates L,, even if the new method may un- 
derestimate it somewhat. The compensatory 
factors that make the new method reasonably 
safe include the nonlinearity of the rela- 
tion between o and C (in terms of mass to 
volume) and the processes of mineral disso- 
lution, salt précipitation, “or both: These 
factors tend to reduce the actual soil sa- 
linity in the lower root zone compared to 
the value calculated with the newer method 
presented here. 

There is a third method for estimating 
Ly, conceptually somewhat less satisfying, 
but convenient. It was developed by Rhoades 
[1974]. For most crops (but not soybeans), 
the Rhoades method gives an estimate of L 
that is somewhat higher than that obtained 
by the second method, but substantially 
lower than with the first. The Rhoades 
method tends to agree with available data 
better thanthe twoother methods do. Rhoades 
assumed that the plant responds to the aver- 
age salinity in the root zone and that this 
average could be estimated as Ls: 


Ge = 0.4 (Op F 76h) 5 


where of and oy are the saturation extract 
conductivities at the top and bottom of the 
root zone. This relation leads readily to 
the equation: 


og =e is) Se antes iA 


Using the threshold value for G,, the same 
example yields G = 5, od =255 and, thus, 
Ly = 0.09. 

In addition to evaluating the relation 
between L, and yield, one must also be 
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concerned with oj. As mentioned, most crops 
have a threshold value below which salinity 
does not reduce the yield. With appropriate 
leaching, water that. 1s relativelyshiighes 
saline can be used for crops with high 
threshold values} if used. on crops withsiow 
thresholds, a yield reduction 1s anevatabile. 

The question of an irrigation manage- 
ment and leaching regime is not fully re- 
solved. Many viewpoints exist. For that 
reason, I presented a rather lengthyedis= 
cussion. The important points are that Ly 
depends on both crop species and water qual- 
ity and that the method for estimating L,; 
advocated in the past by the U.S. Salinity 
Laboratory [1954] is too conservative. 1 
recommend the Rhoades method as reliable 
enough for routanewmses 

The determination of Leds important, 
but it must be put in perspectives = Asmar 
ready stated, the concept is based on 
steady-state conditions that are never ob- 
tained in the field. Furthermore, most 
irrigation methods result in a substantial 
lack of uniformity in the distribution of 
water over a fields (Eventi thevaverace 
application meets the leaching requirement, 
some parts of the field will be underwatered 
and some overwatered. Thus, L, should pro- 
vide a valid comparison among crops and a 
lower limit for the amount of leaching re- 
quired. 

We turn now to the broader question of 
water management for salt control. Irriga- 
tion and drainage are the two primary com- 
ponents of water management. Logically, 
they cannot be divorced from each other. 
From the previous discussion on Ly, it is 
apparent that a downward flux must be main- 
tained through the root zone, on the aver- 
age, in order to avoid salination. The 
actual magnitude of this flux and of the 
drainage requirement would depend directly 
on the irrigation management. The drainage 
requirement, however, must also account for 
the influx of water from adjacent fields, 
canal seepage, and similar extraneous 
sources. Such components are often domi- 
nant, particularly in regions where irri- 
gation practices are inefficient or where 
the water is distributed in leaky, unlined 
canals. 

The design of drainage systems for ir- 
rigated land has been discussed in recent 
papers [van Schilfgaarde and Hoffman, 1977; 
van Schilfgaarde, 1979a]. Adequate drain- 
age is mandatory if a healthy irrigation 
agriculture is to be maintained. Artificial 
drainage is expensive, however, and excessive 
drainage is wasteful. Sound irrigation 
practices—including improved water distri- 
bution networks and on-farm irrigation sys- 
tems and techniques—are necessary in order 


to minimize the need for drainage. A too 
facile "solution" would be to compensate for 
leaky distribution systems, spillage from 
lands, and low efficiency practices on the 
farm by intensifying drainage. 

Attaining improvements in irrigation 
Systems and their management may be diffi- 
cult, especially since the immediate benefi- 
ciaries often are not evident. Although 
there is ample opportunity for innovative and 
new research, current technology provides 
numerous possibilities for significant im- 
provements. The most difficult problem is 
not technological but institutional [van 
Schilfgaarde, 1979b]. Even though the prob- 
lems are clearly different, this statement 
holds for Egypt as much as it does for Cali- 
fornia or Arizona in the United States. 

The argument is often made that exces- 
Sive irrigation should not be of concern be- 
cause the excess water thus applied reappears 
further down in the system andcan be reused. 
This view can be defended in special cases. 
Generally, however, overuse tends to aggra- 
vate drainage problems, increase energy con- 
sumption, reduce (even if only slightly) 
the amount of water available for beneficial 
use, and, most importantly, increase the sa- 
Pinatiyv orethe receiving waters. The last 
point has been developed in some detail by 
Rhoades and Suarez [1977]. 

As water percolates through the soil, 
minerals are either selectively dissolved 
or precipitated, depending primarily on the 
ionic composition and electrolyte concentra- 
tion.) As the electrolyte concentration of 
percolating waters changes from low to high, 
the reactions change gradually from signi- 
ficant dissolution to substantial precipi- 
tation, The species that dissolve or pre- 
cipitate are primarily CaCOz and CaSQq4. 

Thus, we have two choices: wecan min- 
imize the volume of leachate consistent with 
L,, concentrating the salts that need dis- 
posal in the smallest possible drainage vol- 
ume; or, wecan collect the drainage water 
for reuse, choosing crops with a tolerance 
compatible with the water composition 
[Rhoades, 1977]. Inpractice, a combination 
of both approaches needs to be used for maxi- 
mum benefits fromthe water supply. However, 
eliminating seepage and reducing deep perco- 
lation tothe extent possible tend to opti- 
mize the system. 


CONCLUDING REMARKS 


Enough is known about water management 
for salt control todevelop effective systems 
that make efficient use of resources. There 
are still many gaps in knowledge. Research 
is needed and opportunities exist for devel- 
ing newand innovative management techniques. 


But the gap between what is known and what 
1ssusedeis yustuas! large. 

Soybean varieties with a reasonably 
high tolerance to salinity are available. 
The genetic variability within soybeans is 
great, so it should be possible to combine 
high salt tolerance with other desirable 
traits in future breeding programs. 
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systems of Soybean Production 
Including Rotations and Multiple Cropping 


J.A. THOMPSON 


ABSTRACT: In New SouthWales, soybeans are usually grown as a full-season, single 
crop. Perhaps 10 percent of the area would be double-cropped after a winter cereal 
grain. The latter system is common in California. Reports indicate that soybeans 
are also double-cropped before or after winter cereals in central Kansas and fol- 
lowing a variety of winter crops in Jordan. 

Although intercropping, particularly with maize, is a common practice in hu- 
mid regions, there are few references to such patterns under more arid conditions. 
Similarly, there is little evidence of any established rotations involving soy- 
beans. Attempts to assess the potential of rotations in contributing to the ni- 
trogen supply of the following crop have been conducted and are continuing. 

Soybeans have a higher water requirement than other summer field crops. Va- 
rieties with a shorter growing season would reduce this requirement and would 
also allow them to be double-cropped as the second crop with more assurance. Un- 
fortunately, their photoperiod sensitivity restricts the planting time and limits 
the manipulation of season length. Varieties with improved seedling vigor would 
be valued where the climate and soil conditions, or both, are unfavorable for 
emergence. 

Soybeans are grown primarily as a full-season, single crop or under double- 
cropping where the growing season is long enough to allow the beans to mature. 


That situation is not likely to change in the foreseeable future. 


MOST OF THE WORLD'S SOYBEAN PRODUCTION oc- 
curs in humid, rain-fed environments. This 
is reflected in the published research lit- 
erature. The arid and semiarid regions of 
Praicipic interest to this conference are 
the Middle East, Southwestern United States, 
and Australia. Within those regions, a 
rapid increase in irrigated soybean pro- 
duction has occurred in two areas. McClellan 
[1979] indicated that in California, com- 
mercial soybeans increased from 2 hectares 
in 1973 to 4,000 ha in 1977. In Austra- 
lia's New South Wales, the irrigated area 
harvested has increased from about 100 ha 
timetooo cto 15,000 ha in 1979.” Over the 
Same period, average yields have risen from 
290 to more than 2,000 kilograms per hec- 
tare. Several large commercial fields aver- 
aged 3,700 kilograms per hectare for the re- 
cently completed harvest [personal communi- 
cation, R. Browne, New South Wales Depart- 
ment. of Agriculture, 1979], a yield’ level 
indicating that adefinite potential exists 
for irrigated soybeans in arid regions. 


The definitions used here are set 
forth below. Unless otherwise stated, re- 
ference is made only to soybeans grown un- 
dér irrigation. 


SINGLE CROPPING: The production of one 
crop trom,a field in a year. 


MULTIPLE CROPPING: The production of two 
or more crops from a field in a year. 
Sequential cropping: Growing two or more 
crops in sequence on the same field in a 
year. 
Intercropping: Growing two ormore crops 
Simultaneously on the same field. 


ROTATION: The repetitive cultivation of an 
ordered succession of crops (or crops and 
fallow) on the same land. 


RELAY CROPPING: The seeding of a second 
crop into a previously established crop, 
with each crop harvested separately. 


John A. Thompson is Research Agronomist, Agricultural Research Station, Leeton, New South Wales, 


Australia. 
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Andrews and Kassam [1976] present 
clear definitions of eight principal multiple- 
cropping patterns, and their use should be 
encouraged. Double-cropping is a form of 
sequential cropping where two successive 
crops are grown on the same field during 
the year. Rotation and relay cropping are 
also included in the definitions given here. 


PRODUCTION SYSTEMS 
Single Cropping 


Soybeans usually are grown as a full- 
season, single crop in New South Wales. In 
the main cotton-growing areas, soybeans are 
raised as an alternate crop rather than in 
a set rotation. Compared to cotton, soy- 
beans offer advantages in terms of lower 
input costs and fewer insect problems; also, 
the soil is’ left in a ifriable condition, 
That last aspect together with easy incor- 
poration of minimal residue makes soybeans 
an ideal crop foruse in situations where 
new irrigation layouts are being established 
or where old ones are upgraded [personal 
communication, R. Browne]. 

The main deterrant to soybean produc- 
tion is the high demand for water. Thompson 
[1979a] found that soybeans supplied with 
adequate irrigation water have a greater 
seasonal demand than corn, grain sorghun, 
or sunflowers. Thompson [1979b] also indi- 
cated that in a semiarid environment, water- 
use efficiency did not vary a great deal over 
a range of irrigation schedules—suggesting 
that, for any reduction in water supplied, 
there will be a consequent reduction in seed 
yueld. 


Multiple Cropping 


Although the practice of multiple 
cropping appears to have a long history, it 
has not received much research attention 
from agronomists until recently. Double- 
cropping, probably the simplest form of 
multiple cropping, is becoming more common. 


SEQUENTIAL CROPPING. When discussing 
management practices in California, Beard 
and Knowles [1973] stated that double- 
cropping seemed to offer the best possi- 
bility for soybeans to succeed as a pro- 
fitable crop there; McClellan [1979] in- 
dicated that most soybeans are planted as a 
double crop following the harvest of winter 
cereal grains. 

In New South Wales, some 10 percent of 
the soybean area is double-cropped after a 
winter cereal, usually wheat [personal com- 
munication, R. Browne]. The longer the 
growing season after the harvest of the 
preceding crop, the higher the potential 
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soybean yield. Using an earlier maturing 
variety of soybeans or an earlier winter 
cereal, suchas barley, increases the chances 
of a successful soybean harvest. 

Soybeans can be a successfully double- 
cropped following wheat in central Kansas [Gomm 
et. ali, 1976). Aerial. seeding antomtne 
wheat crop and keeping the soil moist with 
irrigation until the soybeans are established 
have been proposed as ways of planting 
earlier, 3 
Nasr [1976] reviewed multiple cropping 
in Egypt, Iran, Iraq, Saudi Arabia, =syru, 
Jordan, and Lebanon. He mentions soybeans 
only when discussing Jordan and Lebanon, 
They are double-cropped with a variety of 
winter crops in Jordan. Nasr's own re- 
search, based at the American University of 
Beirut in Lebanon, established that soybeans 
and corn silage, as well as barley and soy- 
beans, would be successful in a double- 
cropping system. 

The timeliness of operations is often 
the key to successful double-cropping, espe- 
cially where the growing season is limited 
[Beard and Knowles, 1973; personal communi- 
cation, R. Browne]. Attention to detail 
may need to be greater than with a full- 
season, single-crop system. 


INTERCROPPING. This practice is found 
mainly in tropical regions where conditions 
favor rapid plant growth. However, Galal 
et al. [1976] suggested that in Eoyptgesoy— 
beans can only be produced as an intercrop 
with maize because of the competition cre- 
ated by the principal summer crops, such as 
cotton, rice, and corn. Différenteuculerysss 
of soybeans and corn and several plant popu- 
lations of corn were intercropped under dif- 
ferent patterns. Grain yields Ofsimter= 
cropped corn were increased and soybeans de- 
creased compared to the monocrop species as 
a single crop. The land-equivalent ratios 
varied from 122 to 131, indicating: thatecne 
system has possibilities, 


Rotations 


Few established rotations involving 
soybeans exist. Since soybeans are a legume 
with little stubble to dispose of, thoughs 
those facts should encourage rotations with 
soybeans as one of the crops. Soybeans have 
been considered as a potential crop for ro- 
tation with rice in the irrigated areas of 
southern New South Wales, but success has 
been, limited’ because of difficulties wit 
establishment on the heavy clay soils and 
the lack of a suitable variety. 

Musa and Burhan [1974] compared the 
performance of several forage legumes as 
rotational crops in the Sudan Gezira. They 


concluded that when legumes, including soy- 
beans, are cut and removed for fodder, this 
leaves only limited amounts of fixed nitro- 
gen to contribute to rotational effects. 
The conclusion from a number of detailed 
studies is that soybeans, at best, can only 
produce enough symbiotic nitrogen to meet 
eheizeown-requirenents. «This,is not sur- 
prising, considering the high protein con- 
rent or the seed’ produced. 


SYSTEM-ORIENTED PROBLEMS 
Constraints on Planting Time 


Lawn and Byth [1979] reviewed soybean 
production in Australia. They indicated 
several factors that may restrict the plant- 
ing date when soybeans are grown either as 
assingle crop or as a sequential crop. 

Adequate moisture at seeding time is 
essential for uniform germination and rapid 
emergence. At the same time, excessive 
moisture and anaerobic soil conditions are 
quite detrimental and may cause the seed 
forrotMinethe soily> Irrigation should en- 
sure the presence of adequate moisture; but 
planting seed where moisture is sufficient, 
especially with heavy machinery, can still 
be difficult under hot, arid conditions. 
Wheres currow irrigation is practiced, plant- 
ing into a dry seed bed and then irrigating 
Cam result aap better.emergence. The, water 
level in the furrow must not rise above 
Chessecedsan’ the ridgesor hill;; if it does, 
the seed may be damaged by rapid imbibition. 

Soybeans are a photoperiod-sensitive 
crop requiring a particular day-length be- 
fore they will beginto flower. In addition, 
a number of studies have indicated that the 
critical day-length for successive phases 
of development may be shorter than that for 
flowering. Such requirements are, of course, 
satisfied by the decreasing day-length after 
midsummer when soybeans are planted as a 
summer crop. However, adaptation problems 
may arise with plantings made in the winter 
or early spring using photo-periodically 
sensitive cultivars that commence pod- 
filling during periods of lengthening days. 
This can cause a complete reversal of the 
flowering stimulus and a reversion to vege- 
tative growth, even after floral induction 
boss Occurred: Lawn and, Byth, 19/9].\Further, 
the work of Constable [1977] shows that each 
cultivar has its optimum planting date for 
obtaining the maximum yield. 

Lawn and Byth [1979] also point out 
that low temperatures in the autumn can slow 
down seed development, reduce seed size, and 
delay maturity. Thus, these considerations 
become important in terms of utilizing late- 
maturing cultivars, making late plantings, 
or both. 


Water Requirements 


When soil moisture was maintained at 
an adequate level, soybeans used 75 percent 
of the corresponding pan evaporation from 
emergence to physiological maturity 
[Thompson, 1976]. This relatively high 
demand needs to be met, especially during 
flowering and pod-filling; otherwise, the 
yield will be substantially reduced [Brady 
et al., 1974; Shipley and Regier, 1970; J.A. 
Thompson, unpublished data, 1976-1978]. The 
irrigation interval may be extended during 
the preflowering period without much of an 
effect on yields, but the saving in water 
use will be small? 

Thus, soybeans not only require ade- 
quate moisture at planting time, but also 
need to be well supplied during an extended 
period covering the late flowering and pod- 
filling *stages. ‘There 1s itties prospect 
of producing an economical crop of soybeans 
WIELe ATP gation Ts) restricted particularly 
under conditions of high evaporative demand. 


Soybeans Before or After a Winter Crop 


In most double-cropping situations, 
soybeans are planted after the winter crop. 
However, Gomm et al. [1976] mention that in 
central Kansas, some producers prefer to 
plant soybeans at the optimum time and then 
follow with wheat, because the soil is mel- 
low and seedbed preparation is minimal fol- 
lowing soybeans. This alternative has me- 
rity especially where difficulties are likely 
to be encountered with soybean establishment. 
In New South Wales, there would be more time 
to establish the winter crop that way; and 
even if planting were delayed, the resul- 
tant yield reduction would not be as detri- 
mental as with soybeans. 


CURRENT RESEARCH AND DEVELOPMENTS 


This section necessarily is confined 
to activities within the semiarid areas of 
AuSitradl was 


Varieties 


An attempt is being made to establish 
soybeans as a crop on the Ord Irrigation Dis- 
trictinithesfar northern part of western 
Australia. Although within the tropics 
(latitude 15° south), the climate would be 
classed as semiarid. Crops are irrigated 
about 8 times per season [personal communi- 
cation, A. Garside, Western Australian De- 
partment: of Agriculture, 1978-1979]. The 
main thrust at present is toward selecting 
early maturing varieties that will allow crops 
such as sunflowers to be double-cropped 
after soybeans. Trial yields in the» vicinity 
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of 3,000 kilogram per hectare are encour- 
aging. Commercial yields at the same level 
should be readily achievable once growers 
gain experience. 

In southern New South Wales (latitude 
34° to 36° south), the present commercial 
varieties yield well under experimental 
conditions, but often perform poorly in 
commercial situations. Varieties with more 
vigorous growth characteristics, particu- 
larly in the emergence and seedling stages, 
and that mature earlier would give farmers 
greater confidence. Many breeding lines 
are being field-tested with promising re- 
sults [personal communication, D.L. Chase, 
New South Wales Department of Agriculture, 
1978-1979]. The timely establishment of an 
appropriate plant stand is essential for 
producing an economic yield. 


Intercropping 


Soybeans were intercropped with corn 
and grain sorghum for two seasons at Breeza 
in northern New South Wales [personal com- 
munication, J.F. Holland and W.L. Felton, 
New South Wales Department of Agriculture, 
1973-1975]... \ In theefirst wear, tworbeds 
(6 rows) of each crop were alternated. In 
the second year, one bed of each crop was 
alternated. There was no significant re- 
sponse ine thesfarst* year; buteamthe second 
year, the soybean yield was increased by 
12 percent when the beans were intercropped 
with grain sorghum and by 25 percent when 
intercropped with corn. The land-equivalent 
ratios when intercropping with corn or 
grain sorghum were 1.2 and 1.1, respec- 
tively. 

Under the large-scale, mechanized ap- 
proach employed for irrigated cropping in 
New South Wales, the practical application 
of intercropping soybeans creates some 
problems, the most important one being the 
lack of a reliable herbicide that can be 
used for both crops. The personnel in- 
volved indicate that if the windbreak ef- 
fect is the major factor responsible for 
soybean yield increases, planting arrange- 
ments other than those already examined 
may be more beneficial and more practical. 
They intend to investigate the matter 
further: 


Rotations 


A major experiment studying the effect 
of the previous crop oncotton with particu- 
lar reference to nitrogen requirements is 
being undertaken at Narrabri in northern 
New South Wales [personal communication, 
A.B. Hearn, G.A, Constable, and JvS. Barber, 
Agricultural Research Station, Narrabri, 
1975 P1979 ]e WSeveraly cropsaresbeing 
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grown in the first year, with cotton as the 
test crop in the second year. The treat- 
ments of interest here are shown in the 
accompanying table. 


Crop Sequences Under Test at Narrabri, New 
South Wales 


First year Second year 


Cotton Cocoon 
Soybeans Cotton 
Wheat/soybeans Cotton 
Fallow Cotton 


The use of two adjacent sites has al- 
lowed the harvesting of three test crops to 
date. The contribution from soybeans has 
been greater than expected. The Sappiiieme = 
trogen requirement for cotton following cotton 
of about 150 kilograms per hectare has been re- 
duced to 80 koligrams per hectare followng soy- 
beans [personal communication, A.B. Hearn, 
Commonwealth Scientific and Industrial Research 
Organization, 1975-1979]. Measurement of the 
nitrogen uptake by the cotton plant indicated 
that an additional 30 kilograms per hectare are 
taken up following soybeans. The corresponding 
value for the wheat/soybean treatment was 20 
kilograms per hectare. 

The increased cotton yield after soy- 
beans may have been caused by some reduction 
in the disease level and by the earlier har- 
vest which allowed more time for land pre- 
paration. If this work is substantiated 
further, soybeans may have a definite role 
to play in a rotation with cotton. 


Irrigation Management 


Research into the water requirement of 
soybeans under furrow irrigation in a semi- 
arid environment has continued at Leeton. 
The results indicate that when the soil 
profile is moist at planting time, the soy- 
beans can withstand a significant moisture 
stress during the preflowering period with 
little reduction in yield [unpublished data, 
J.A. Thompson, 1976-1978]. However, the 
crop should not be stressed after flowering 
commences because it is important for a full 
ground cover to be obtained by the end of 
flowering; otherwise, the potential seed 
yield will be reduced. Stress during flow- 
ering lowers yield because of fewer pods. 
Stress during pod-filling decreases yield 
primarily through a reduction in the weight 
of individual seeds. The number of seeds 
per pod is largely unresponsive to irriga- 
tion management. 

Déspite theywide range of irrigation 
treatments and the substantial effect of 
irrigation on seed yield, only a marginal 


effect has been observed on the protein Situation) and where the soil characteris- 

and oil content of the seed. tics are unfavorable for soybean emergence. 
At Narrabri, the water requirements of 

two soybean varieties are being studied on 


a grey cracking clay soil [personal commu- LITERATURE CITED 
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Production Management Techniques 
for Irrigated Soybeans 


W.D. McCLELLAN 


ABSTRACT: 


Most of the important management decisions concerning irrigated soy- 


beans should be made before the planting season begins. Varietal selection is 


very important. 


In California, the Williams variety has performed quite well at 


several locations, on many soil types, and under different management practices. 
Williams soybeans should be grown on soils containing excessive salts (>5 to 


7 mmhos/cm) or excessive boron levels 


(20.5) pam)l 


The highest yield from a com- 


mercial field in California has been 4,100 kg/ha with this variety. 

Most growers in California plant soybeans as a double crop following the 
harvest of a winter cereal grain. After the cereal harvest, the stubble is 
disked and the land is prepared for a preplant irrigation. Within 7 to 14 days, 
after irrigation, herbicides and fertilizers are incorporated into the soil and 
the seedbed is prepared. All preplant-applied herbicides presently used in com- 
mercial fields have to be incorporated to a depth of 2.5 to 10 cm for maximum 


effectiveness. 
planting soybeans. 


Phosphorus is the major nutrient added to California soils before 


Proper seedbed preparation is critical for uniform seed germination and 


emergence. The seed should be of good quality. 


The seed must be inoculated with 


Rhizobium japonteum to insure good nodulation, especially in areas where soybeans 
have not been grown previously. Desired plant populations should be 250,000 to 


400,000 plants per hectare. 


Including the preplant irrigation, soybeans require 60 to 75 cm of water 


(2 to 2.5 acre-feet) during the crop season. 


Growers have used a preplant irri- 


gation successfully and 2 to 8 additional irrigations through the crop season. 
The important consideration is to be sure the plant does not experience moisture 


stress once pod-setting has begun. 


The major soybean pests include spider mites (Tetranychus urticae) and 
lepidopterous insects. They need to be monitored and controlled if necessary. 
Once soybeans reach a moisture level that suitable for harvest (13 to 15 per- 


cent), the crop needs to be harvested quickly. 


In a dry environment, excessive 


shatter and drying can result in losses of yield and quality. 


THE COMMERCIAL ACREAGE of irrigated soy- 
beans in California has increased from 2 hec- 
Pree in 1975 to-over’ 10,000" ha in.19/738. The 
majority of these soybeans have been plant- 
ed from mid-June to mid-July as a double 
crop following the harvest of a winter 
cereal grain. The increased value of soy- 
beans in recent years and the emphasis on 
using them in double-cropping has made soy- 
beans a successful addition to fieldcrop 
rotations in California. 

Soybean research has been conducted by 
the University of California and the U.S. 


Department of Agriculture periodically since 
1918. Most of the early research indicated 
that the yields of the varieties tested were 
too low to be economically acceptable. With 
the increased market value for soybeans in 
the early 1970's, growers became more inter- 
ested in the potential of growing this crop 
on a commercial basis under irrigation. Us- 
ing the information developed by the Uni- 
versity of California and the USDA, growers 
and Extension Service researchers began to 
put soybeans into the major field-crop pro- 
duction areas of California. 


WilliamD. McClellan formerly was FarmAdviser, University of California Cooperative Extension 


Service in Tulare County (Visalia), California. 
Americas, Inc., Goldsboro, North Carolina, USA. 


He is now Plant Pathology Specialist, ICI 
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The comments that follow reflect field 
research and grower experience over the 
last 7 to 8 years in the San Joaquin Valley 
of California. In that vadley," the major 
irrigated field crops are cotton (500,000 
ha), cereal grains (300,000 ha) and alfal- 
fa (250,000 ha)... Cotton 1s *the?major cash 
crop and is grown in rotation with winter 
cereals (barley or wheat) and alfalfa. 
Growers may also include vegetables, sor- 
ghum, dry beans, corn, and other crops in 
their rotation. Because of the high cost 
of equipment, labor, and water, growers 
continually need more crops to use in their 
rotation systems. 

The following guidelines are used by 
growers in the San Joaquin Valley when 
planting soybeans as a double crop follow- 
ing the harvest of a winter cereal ‘grain. 


1. The management decisions made before 
planting soybeans in the field include: 
a. Yteld potential. In California, the 

high cost of irrigation water ($50 
to $150/ha for soybeans) and land 
make the planting of soybeans un- 
economical unless the yields are 

at least 2,000 to 2,500 kilograms 
per hectare. Growers must know 
their yield potential when consider- 
ing soybeans as a crop. 

b; Sorlitypess © Thetsoilepypes vine the 
San Joaquin Valley vary greatly. 
The ideal soils for soybeans are 
the deep, well-drained sandy loams. 
Many areas in the San Joaquin Val- 
ley have shallow soils with an un- 
derlying hard pan. The depth of 
the soils) "drainage, “ana aso) stypes 
dictate the planting procedures, 
frequency of irrigation, and “other 
cultural practices needed. Soy- 
beans planted on problem soils such 


as alkaline soils or ones with ex- 
cessive salts (>5 to 7 mmhos/cm) 
and high boron concentrations (>.5 
to 1.5 ppm) have not been very pro- 
ductive. Such soils sin thes.a) 
Joaquin Valley have produced yields 
of 500 to 1,500 kilograms per 
hectare. 
Weed control. This can be success- 
ful in soybeans if the grower knows 
his weed problems before planting 
the crop and if the culturaleand 
chemical tools he has available are 
effective against those weeds. Soy- 
beans should not be planted in fields 
with a history of hard-to-control 
weeds—especially perennial weeds 
such as johnsongrass, nutsedge, and 
others: 
Soybean vartettes. The variety to 
plant probably isethe most )critieas 
decision the grower makes once he 
has selected the field. Most varie- 
ties examined by researchers in the 
1950's and 1960's) tendédetomeiat re, 
excessively and to have very poor 
yields. Based on variety tests and 
grower experiences in the San 
Joaquin Valley since 1973, the main 
variety used in commercial produc- 
tion has been Williams (maturity 
group III). When Williams is plant- 
ed as a double crop after the har- 
vest of a winter cereal, the soy- 
beans reach maturity 125 to 130 days 
after planting, yield well, do not 
shatter, and perform quite well on 
several different soil types and 
under various management techniques. 
The highest yield with Williams 
from a commercial field in California 
has been 4,100 kilograms per hectare. 
Williams has been very consistent in 


Table 1. Yields and Seed Quality, Soybean Varieties Planted in Mid-June as a Double Crop 
following Barley, San Joaquin Valley, California, 1976-1978 
Yield@ Percent Seed size 
(kg/ha) oil (g/100 seed) 
Variety 1976 1977 1978 1976 1978 1976 
Amsoy 71 2,900 2,862 Cys aes 20 ao Lo 2 LoS 
Beeson . Zy ose 2,435 ee 18.6 sev pals | 
Calland Zhe 3,689 4,175 Leas 18.4 Pa a | 
Columbus 2 OTe 5, L82 4,485 Lot 18.8 loos 
McKoy 1100 . Pa 3,345 5, 206 1925 1939 19.6 
Wells 1, 2a 25924 He 18.8 ree LG 
Williams . 5,550 3,442 4,013 1 Lech 20.8 
> 1, SIRI ne Ty 7 Beaty he ES IP ES ES ee EIS Ee PE © iL SE WORE Cy Ree 
Row spacing: 1976 and 1977, 96 cm; 1978, 48 cm. Yield adjusted to 13 percent moisture. 


bpy NMR analysis. 
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Table 2. 


Soybean Yields Obtained by Five Growers with Williams Soybeans asa Double Crop 


following barley or wheat in the San Joaquin Valley, California 1975-1978 


eee 


Grower and Row Irrigation Yields 
location Year Hectares width (cm) method (kg/ha) 
A (Visalia). STS il 100 Flood 2,594 
1976 12 100 Flood 2522 
B (Dinuba) . 1976 8 100 Flood Deooo 
1977 9 fey NB0) S\0) Furrow & sprinkler 2,688 
1978 9 Psy (e@) Si) Furrow & sprinkler 2,800 
C (Hanford) 21975 15 76 Flood 2,745 
1976 86 76 Flood Dep Oe Ve 
lois 90 4 rows, 18 cn, Furrow 3,024 
on 100-cm beds 
D (Hanford) ~1975 ii DS Flood Bed. 
1976 59 25 Flood 5.079 
1978 16 18 Flood amie tel 
GE (idiare) SL O75 5 36 to 66 Flood BVA 22 
1976 in Som LOMOO Flood SOS 
1977 16 568 OROO Flood 2,045 


4Williams was planted as a double crop following barley on wheat. 


field use and 
(Tables 1 and 
such as Amsoy 


in variety tests 

aye sOther varieties 
71 and Columbus which 
yield well in the variety tests 
have not been successful in the 
field. Although Williams is an ac- 
ceptable variety, there is a con- 
tinuing neéd ‘for varieties that are 
better adapted to the hot, arid con- 
ditions of the San Joaquin Valley. 
Several varieties look extremely 
promising, especially Hilf. It is a 
different plant type than Williams 
Siable is). Elf; a vshorter plant, 
matures earlier and has a shorter 
bloom period than Williams. Elf 


Table 3. Variety Comparison, Williams and 
Elf Soybeans, San Joaquin Valley, 
California, 19782 

Williams Elf 

Prlonc type . Indeter- Deter- 

minate minate 

Days to 

maturity I2Srtowls Owl 10.1608 115 

Flowering 

period (days) 30 to 40 20) tor 25 
Height (cm) 112 61 
Height to first 

pod? (em) > us : Pe 19,51 

Lodging (O=erect; 

BHAOwn iawn “s 3 1 

Yield (kg/ha) 4,019 4,517 


4Ppjanted in mid-June as part of a variety 


(eiealeldh 


yields well and has excellent lodg- 
ing resistance. Under natural 
rainfall, this determinant variety 
does not yield as well as the inde- 
terminant types such as Williams, 
especially if a dry period occurs 
during and after pod set. However, 
Elf should do well under irrigation 
with proper management. 


Once the previous decisions have been 
made, the grower must harvest his win- 
ter cereal crop and prepare the land 

for the soybeans. Many growers use 
early maturing barley varieties in order 
to plant the soybeans as early as pos- 
Sible. Besides barley and wheat, some 
growers have planted soybeans after oats 
and sugar beets. 


The cereal Stubble is generally disked 
at least twice and then prepared for a 
preplant irrigation. This irrigation 
provides moisture for germination at 
planting time and provides deep mois- 
ture to help supply the crop's needs 
throughout the season. Some growers 
burn=the cereal stubble ‘to ease the 
problem of disking in the residue. 
This is especially beneficial for 
growers with small operations who do 
not have the large equipment required 
to adequately incorporate the residue 
which can be 6,000- to 7,000 kilograms 
per’ hectare. 


After 7 to 14 days (depending on the 
weather, Soil type, and the like), the 
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land should be ready for working up 
the seedbed and applying the herbicide 
and fertilizers.” Several herbicides 
have been used successfully to supress 
weed competition. All preplant herbi- 
cides presently used in commercial 
fields have to be incorporated to a 
depth of 2.5 to 10 cm for maximum ef- 
fectiveness. Which herbicide to use 
depends on the type of weeds antici- 
pated and on the succeeding crops that 
will be planted; “Persistent herbir- 
cides such as*trifluralin can’ create 

a problem if scerealssare. plantedsral— 
lowing the soybean the soybean harvest. 
The grower's knowledge of his weed 
problems and what his succeeding crops 
will be play an important role in de- 
cisions about weed control. Many grow- 
ers are concerned over volunteer ce- 
real seeds germinating and competing 
with the soybean seedlings. The in- 
corporation of chloropropham preplant 
has provided effective control, Pre- 
plant drrigation, burning, or both scan 
also be effective in controlling such 
weeds. Many growers have used com- 
binations of herbicides very success- 
fully .toycontroieweeds, ssuchgass C1) 
trifluralin plus chloropropham (gras- 
ses, broadiéaves, and cereals); (2) 
alachlor plus vernolate (nightshade, 
nutgrass, and short residual); (3) tri- 
fluralin plus vernolate (grasses, broad- 
leaves, and nutsedge). 


Phosphorus is the major nutrient added 
to the soil before planting soybeans, 
usually at a rate of 40-60 kg of P 0. 
pér hectare. Other nutrients may be 
required in some Soils,” but no general 
crop recommendation is involved. 


Proper seedbed preparation is critical 
for uniform seed germination and emer- 
gence. The seedbed should be firm and 
smooth and should have enough moisture 
from the previous irrigation to estab- 
lish an adequate stand of seedlings. 
Some growers planting soybeans for the 
first time have not supplied enough mois- 
ture through irrigation. Poor stands de- 
veloped when the seed was planted at 
too shallow a depth (above the mois- 
ture) or too deep (seeds germinated 

but did not emerge). Timing is cri- 
tical and the time between the irri- 
gation, seedbed preparation, and plant- 
ing will vary depending on the soil 
type and environmental conditions. 

Flat plantings with flood irrigation 
are more critical than bed planting 
becausSesit 15 verveditficultieto 


maintain a uniform moisture level 
throughout the field. Dry spots often 
Stay barren throughout the season. 
Flood irrigation after planting is inef- 
fective as a means of helping seeds to 
germinate and obtaining a stand. 
Studies on row spacings and plant 
populations with the Williams variety 
have shown yield potentials of over 
4,500 kilograms per hectare on 30-c¢m 
rows and a population of 345,000 plants 
per hectare when grown as a double crop 
after barley [McClellan, 1976]20iie 
highest yield obtained has been 4,100 
kilograms per hectare in a commercial 
planting. This field of Williams was 
planted with a grain drill (rows 18 cm 
apart) following the harvest of wheat. 
Table 2 gives the yields obtained by 
five growers who planted soybeans as a 
double crop following the harvest of 
barley or wheat. The planting dates 
ranged from June 15 to July Togeimese 
growers used different planting, irri- 
gation, and cultural practices. Low 
yields were obtained in fields with 
row spacings of 100 or 76 cm and low 
plant populations (<150,000 plants per 
hectare). The growers who obtained the 
highest yields had closer row spacings 
(10 to 50 cm) and higher plant popula- 
tions (250,000 to 400,000 plants per 
hectare). In addition to having excel- 
lent plant density, these growers had 
few weeds. The plants did not ‘experi— 
ence moisture stress, during#themscason, 
The seed should be of high quality 
with good germination. It is important 
for the seed to be inoculated with 
Rhtzobtum japontcum to ensure good ger- 
mination, especially when planting in 
areas where soybeans have not been grown 
before. Various methods of applying the 
Rhizobtun bacteria have been used suc- 
cessfully. 


Including the preplant irrigation, soy- 
beans require 60 to 70 cm of water (2 

to 2.5 acre-feet) during the Cropeeeason, 
Growers have successfully grown soybeans 
uSing the preplant irrigationsand=zanoe. 
additional irrigations during the sea- 
son. The important consideration is to 
be sure the plant does not expenrence 
moisture stress once pod-set has started. 


Spider mites, predominately the two- 
spotted mite (Tetranechus urttcae), his- 
torically have been considered as the 
major pest problem for soybeans in Cali- 
fornia. The spider mites feed by suck- 
ing juices from the plants. At high 
populations (greater than 500 per 


Table 4. 


Effect of Heavy Infectations of 
Spider Mites (>500 Mites per Leaf) 
on Yields and Seed Size, Williams 
andmeelassies Wil VSouybeans, San 
Joaquin Valley, California, 1978 


Variety 


Williams 
Williams 


Chassac fT 
Glkassaice i 


Spider. > Yields Seed size 
mites (kg/ha)? (g/100 seed) 
Heavy laa Lees) 
Light 3,258 eo 
Heavy eo OW ore: 
Light 3,005 21.4 


4Adjusted to 13 percent moisture. 


Sources 


WeDie MeGliel dian: 


Weat \ the mites can causé premature 
defoliation and significant yield re- 


ductions (Table 4). 
warm, dry climate. 


They prefer a 
Mite populations 


can build up very rapidly with a long 


photoperiod. 


Moisture-stressed soy- 


beans and high temperatures provide 
ideal conditions for disasters induced 
Byaspider jmites, 


Growers' fields were surveyed for 


mites and other insects on a weekly 


basis in 1975-1976. 


inl WO Sip, MOST 


growers controlled mite populations by 
using a preventative approach—applying 
miticides before economically damaging 


levels were reached. 


iMePLO7iGo and 


1977.4. 2r0Owers Deegan to utilize 
chemical-control methods—only as the 
Situation warranted and based on weekly 


field evaluations. 


Of the fields 


Surveyed, ).6S5s,than 25 spercent were 


treated with -a miticide. 


The success- 


ful use of field-survey techniques to 
determine the extent of infestations 
by mites and other insects was an ef- 
fective method of minimizing the need 
for chemical pest-control measures. 
The registration of mitcides for use 
on soybeans is a major problem in 


cleared for use on soybeans in Cali- 
fornia and has worked quite well in a 
monitored situation. 


With Williams soybeans planted in mid- 
June, the soybeans will begin to turn 
yellow and lose foliage 95 to 105 days 
after planting. The beans are also 
sizing rapidly during this period. The 
soybeans lose moisture quickly after 
that’ time under *the hot) dry condi- 
tions of the San Joaquin Valley, going 
from 60 percent moisture to a harvest- 
able moisture level of 13 percent in 
10 to 14 days. A harvest delay in a 
dry climate results in a moisture 

level of 6 to 10"percent, which can 
result in shatter problems at harvest 
and split seeds in the harvested grain. 
Harvesting at night or in the morning 
with some dew formation can overcome 
some of these problems. Harvest los- 
ses have been assessed in several Cali- 
fornia fields. In 1975-1976, harvest 
losses recorded in several commercial 
fields ranged from 69 to 650 kilograms 
per hectare. Harvest losses were pri- 
marily from pods set too low to the 
ground and uneven ground preparation. 
Shatter, often, considered.a major 
limiting factor in soybean production 
in California, was minimal with the 
Williams soybeans when planted in mid- 
June to mid-July. Harvest losses were 
also minimized where close row spacing, 
high plant populations, and flat 
plantings wenetused. Asta tresulv, the 
fewest pods were near the ground, al- 
lowing the ‘cutter vbar;to \beyset ‘close 
to theeground: yin 1975, harvestlos- 
ses averaged 455 kilograms per hectare 
(17 spercentof the total yield) where 
the soybeans were planted on beds and 
furrow-irrigated. This compared to 280 
kilogramssper hectare "(97 percent ‘of 
thestotal tyield)mwhere ithe crops were 


orem noChcbeL ke as now yen planted on the flat and flood-irrigated. 

Table 5. Effectof Soybean Varieties on Harvest Losses, San Joaquin Valley, California, 1978 
Preharvest Gathering-unit losses Total 

Variety Losses Shatter Stalk Stubble loss* 

kilograms per hectare 

S-1492 342 326 29 ik 708 

AP 27 3 115 EAS 0 143 

Classicsli 1 62 26 0 89 

Williams 1 47 46 0 243 

LSD 0.05 243 


aThe cylinder and separation losses were negligible. 


Source: 


Data from W.D. McClellan and J. Murphy.. 
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Table 6. Quality of Soybean Seed in Grower Fields Planted with Williams Soybeans, 1976- 


1978, San Joaquin Valley, California 


Grower and Seed size Percent 

location Year (g/100 seed) Oil Protein 

AP (WISAT aN ee! ee 1355 16.9 Sie 
1978 18.0 57,0 

Bo (Parmersvilléyes. . ¢8elos6 20.8 18.3 38.2 
1977 2338 18.6 38.8 , 
1978 2 uae 19.6 

CG. (Hank ordi ss Sar. ae bono ope Ti4 Sie 
1977 2500 16.0 38.67 
1978 25.00 bee a 

D (tularei. & sya pote eeel ore 195 18.2 56,4) 
1977 1720 ea | 


Source: W.D. McClellan. 


In 1978, a large replicated trial was 
eonducted ina grower’s freld:7) The 
soybeans were planted in 4 rows on top 
of raised beds 100-cm wide and furrow- 
irrigated. The use of high populations 
and some new varieties kept harvest 
losses to a minimum (Table 5). Exces- 
Sive losses occurred only with an early 
maturing variety (S-1492) which shat- 
tered badly before harvest (preharvest 
loss) and on impact with the harvester 
(shatter). 


10. California-grown soybeans harvested at 
maturity (125 to 130 days after plant- 
ing) have good seed size, oil and pro- 
tein levels, and appearance. Soybeans 
not harvested until after an extended 
period of fog or rain have fair quality, 
with more splits, blemish seed coats, 
and overall a poorer appearance than 
those harvested earlier. Such soybeans 
are acceptable for crushing purposes 
but are unsuitable for use as certified 
seed or for sale in the edible ‘soybean 
market. The seed size as well as oil, 
and protein contents for several grow- 
ers! fieldsvare given in Tables6: (Somme 
of the processors in the State of Cali- 
fornia have indicated that the oil or 
protein contents were somewhat low. 
With the continued introduction of 
varieties better adapted to California 
conditions, higher oil and protein con- 
tents should be obtained. 


SUMMARY 


Soybeans grown in irrigated areas such 
as San Joaquin Valley of California must be 
managed differently compared to other soybean- 
growing regions of the world. Variety 
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selections, herbicide choices, Vappimeartion 
methods, and pest problems are only a few 
of the decisions that are unique in terms 
of irrigated soybeans. Growers in the San 
Joaquin Valley have not solved all of the 
problems. Soil difficulties, pesticide 
registration, inconsistent yields, and mar- 
keting methods all need further research. 
Very promising propects appeared with the 
introduction of determinate varieties such 
as Elf, which reach harvest maturity in 110 
to 115 days and have an excellent yield po- 
tential, lodging resistance, and seed 
quality. 

The following is an outline of one 
grower's crop history for 1978: 


May 28 » . Barley harvestea, 

June 2). .. . Barley stubble “diskedstwace 
and land plowed. Ground sur- 
veyed and leveled. 

Borders put up, followed by 
a 12-hour preirrigation. 

. Herbicides (triflurlin and 
vernolate) incorporated and 
disked twice. 

Planted to moisture on the 
flat with a grain drill (rows 
17 cm apart) using 156 kg of 
seed per hectare. Williams 
soybeans were used and Rht- 
zobtum inoculum was added to 
the planting seed. 

Full stand had emerged. 

. Applied miticide treatment. 

July 14 First irrigation, 

July 28 a oecond ipmigation: 

August..13 .. yi) ilbird) ireigation. 

August, 35.4, Fourth irrigation. 

October 15 . Harvest, yield averaged 

3,358 kilograms per hectare. 


June 5 


June 12 


June 12 
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Soybean Research Under Irrigation 
in Northern Australia 


D.F. BEECH, R.J. LAWN, AND D.E. BYTH 


ABSTRACT: This report is on research into soybean adaptation and use in the 
low-latitude (15°39'S), monsoonal zone of northwest Australia. Irrigation is 

essential in this environment for high crop yields and stable agriculture. The 
research has involved screening of genetic material for adaptation and the de- 


velopment of irrigated production systems. 


All lines tested were sensitive to the range of photoperiods experienced in the 
region, so that phenology and development change with the planting date. How- 
ever, the degree of response varies among lines. A range of types suitable for 
different cropping strategies throughout the year has been identified. 


In general, lower seed yields were obtained from later plantings at constant 
density, but this was alleviated by using narrow rows and high plant density. 
The planting date also exerts a major influence on the incidence of damage by 


certain insect pests. 


Surface irrigation of beds 1 to 5 m wide proved to be effective and is more com- 
patible with high-density populations than the ridge systems. ./Evidence suggests 
that very frequent irrigation is beneficial. Studies of wet soil culture are 


continuing. 


A small commercial area was grown using cultivars. Ross and 49-38 produced 
yields of 2,500 kg/ha experimentally, and may be released shortly. 


SOYBEAN PRODUCTION IN AUSTRALIA is restricted 
mainly tothe subtropical areas (25° to 33°S) 
on theeast sideof thecontinent. Relatively 
limited research has been directed to low- 
latitude adaptation. This report is about 
research conducted at the Kimberley Research 
Station on the Ord River Scheme in north- 
western Australia (15°39'S). 

The region has adry, monsoonal climate 
with a hot, wet season from mid-November to 
March and acooler, dry season from April to 
November (Table 1). Over 90 percent of the 
total precipitation (770 mm) occurs during 
the wet season. The area is characterized 
by hightemperatures andrates of evapotrans- 
piration, high-intensity storms, and great 
variability in the rainfall during the wet 
season. Irrigation is essential to produce 
high crop yields and to sustain a stable 
agricultural system. 

This research was conducted onthe main 
soil type, Cununurra clay, which is a grey 
cracking, clay (40 to 60 percent) alluvium 


derived fromcalcareous rockand intermediate- 
to-basic igneous rock. The soilis deficient 
in organic carbon andnitrogen, and has very 
low levels of total and available phosphorus. 
These deficiencies can becorrected by fer- 
tilization; | butethe cost of fertilizer) is 
high because of the transportation required 
to get it to this isolated region. Conse- 
quently, leguminous crops may be expected 
to achieve animportant role in the agricul- 
tural system. 

Various legumes have been investigated, 
including soybeans, peanuts, and the grams. 
Only soybean research is reported here. 


CROP ADAPTATION TO THE REGION 


A large number of soybean accessions, 
mainly from the United States and Africa, 
were evaluated between 1957 and 1960. None 
were successful because of their poor adap- 
tation and shattering. characteristics. 


Donald F. Beech and R.J. Lawn are Research Scientists, CSIRO Division of Tropical Crops and 
Pastures, Australia, and D.E. Byth is Professor, University of Queensland, St. Lucia, Queens- 


land, Australia. 


1) 


-O/61-Z96I LOF SUBOW Oe BIEP VOTIeTpeY “SPEI-LO6T TOF “YWNOS SOTTU Ajoeyeutxoidde ‘uot}eS soyUeAT 9Y} Je pepsOdEI 
e1ep UTM pejzuowotddns eqep [TeJUuTeL uUPOW “TL6T-9P6T “UOTIEIS YOTRasay AgTIOGUTY 9Y} 2e popsLOdet eep WOLF pode[NTeVS sonyep, 


£¢ St EOS 2. oe aged | el cr Bia tt oe Et ay it sc aepeal Hom At pele asa Sct lca aa (ay) YqSuUPeT 


-kep ueoy 

Cre Z 8SZ LLZ 982 L9Z 8ZZ 681 Ost aid ve (ve 681 ZZ (uur) uoTy 
-erodeaq 

v°0Z Lz eve er SOE ST Guo Soasril Le TG CEE 2 Ve oo ie (9,) °dwey 
“uUTW Uvop 

6°Ps 6° LE 6° 3¢ egg Reo Eee 9°0¢ 9°0¢ ard aas 2Ge S¢ 195 (95) “duet 
“xeu UeoW 

Se OT og L-% v" 1S S- oa ia Sar Oy. Gaza SI shep 
1OM FO *ON 

OLL Sel L9 0Z Z T v v 6 OS a I6T Z61 (um) TPF 


-UTeI UPOW 


TeI0L “299 "AON 2150) Tiere -sny Aq[ne aun ARW [tady * TeW °qoq “wet 


LEA Ci OE a Ne 


per rezysny uzezSem ‘UOTREIS YOTeasey AeTTequTy ‘eed CTZeEWTTD “T eTqeL 


124 


Soybean research ceased until the early 1970's 
when further accessions bred specifically 
for low-latitude environments became avail- 
able. Most of these were breeding lines 
selected at the University of Queensland by 
D. Byth. Research in eastern Australia has 
clearly demonstrated the effects of photo- 
period on the phenology and growthof soybeans 
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[Lawn and Byth, 1974]. Thus, the importance 
of the cultivar, planting date, and plant 
density are all important in attaining high 
seed yields [Lawn et al., 1977]. Consequently, 
our research has been directed toward under- 
standing the response of different soybean 
cultivars to the region and developing ap- 
propriate production systems. 
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Figure 1. Effect of sowing date on days to flower of two soybean cultivars, Kimberley Research 


Station, Western Australia. 
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Figure 2. The effects of sowing date on days to flower, height to first pod, and total plant 
height of two soybean cultivars, Kimberley Research Station, Western Australia. 


Two main groups of breeding lines from 
the University of Queensland have been evalu- 
ated. The first group (the K, V, and Cycle 
II lines) were selections from crosses of 
relatively late-maturing accessions from 
Africa, largely involving Mamloxi (from Ni- 
geria) and Avoyelles (from Tanzania) and a 
further introgression of African germplasm. 
The second group of selections (the P and M 
lines), derived fromcrosses of U.S. culti- 
vars and local breeding lines, generally ma- 
ture earlier, have larger seed, and a higher 
percentage of 011 and a lower one of pro- 
Tein 

All the lines have proved to be;sensi- 
tive to the range of photoperiods experienced 
in the region (Table 1). This was shown 
by using serial plantings ofall lines from 
early December to late March. The lines 
differed intheir degree of response to the 
planting date. The response of K8 (Figure 
1) was typical of that for the more sensi- 
tive lines,-withthe length of the preflower- 
ing phasedecreasing sharply as the planting 
date was delayed. 

By contrast, lines such as P3 revealed 
relatively small changes in the length of 
the preflowering phase (Figure 1), and were 
relatively insensitive to the range of 
photoperiods at the latitude (15° 39'S). 
These changes in phenology with genotype 
and planting date were accompanied by large 
differences in plant habit and vegetative 
growth (Figure 2), clearly indicating the 
need to adjust plant density according to 
planting date in order to=attain the best 
canopy development. 

As a result of these studies, we have 
identified lines with different phenological 
responses and plant habits over various plant- 
ing dates in the region. Thus, genetic ma- 
terial is available that allows a flexible 
use of soybeans in irrigated cropping sys- 
tems inthe area—either asa crop sown early 


in the wet season or as one sown late inthe 
dry season. 


AGRONOMIC MANAGEMENT 


In the initial studies, the soybeans 
were grown on ridges 75 cm apart. The plant- 
ing date had amarked effect onseed yields, 
which declined asthe planting was delayed 
after January. This was particularly true 
for the more erect, shorter-season material 
that was not sufficiently vegetative to oc- 
cupy the inter-row space available. 

The effect of greater plant density was 
evaluated using five lines of varying matur- 
ity and habit, fourplanting dates (December 
21, January 19, March 15, and April) LZ) ean 
four row spacings (2, 3, 4, and S rowssper 
1.5-m bed), with a constant intra-row spac- 
ing of 5 centimeters. 

The results of this trial (Tablewzj eeu. 
ported the expectations of Lawn et al. [1977], 
in that the high-density culture enabled 
high yields fromvery late plantings in the 
tropics. Asin earlier studies in subtrop- 
ical Queensland, a strong interaction existed 
between the planting date and plant den- 
sity on line performance (Table 2). ihe 
lines. differed in their response (Janice a. 
The highest yields were from the 4-row beds 
in the 2 earlier plantings and the 5-row 
beds in the late plantings. The yieldvad- 
vantage of the narrower rows was small in 
the earliest planting but increased with 
the later ones, being particularly marked 
with the lines that matured early. 

In all subsequent studies, the soybeans 
were grown in a high-density, narrow-row 
culture. There isclear evidencestiais is. 
yield decline previously experienced with 
late plantings canbe arrested considerably 
by using such a cultural system, and that 
seed yields inexcess of 4,000 kg/ha could 


Table 2. Effect of Planting Date and Row Spacing on the Seed Yields from Soybeans, 1976-77 
Season 
Planting Number of rows per 1.5-meter bed 
date 2 ce mn g Mean 
for beds 
kg/ha 

December 21 Lae L126 lige G8, 1,183 1,158 
January 18 1,188 1,523 Lido 1,653 li, ceo 
March 15 1 421 1,809 2,050 doy Le 1,855 
April l2 1,029 1,466 1,639 1,674 1,452 
Mean for planting 

dates 1,188 1,506 1,664 1,660 1,504 
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Table 3. 


Effect of Cultivar and Planting Date on the Seed Yields from Soybeans, 1976-77 


Season 

Date planted Mean for 

Cultivar December 21 January 15 March 15 Apia li 2 yas 
dates 

kg/ha 
49-10 801 L474 1,997 1,784 is Ske: 
P45 834 884 Is Sits! 1,416 Ihe us! 
K123 1, 625 2,001 1,991 I as dri SKE 
V15 1,694 22050 Lj aes, LAWS, SG 
Ross 842 1,390 2,084 Pes 82 IL aes: 
Mean for 

cultivars aaSis 1 S56 ly, 855 DyASZ il SNS 


be obtained experimentally in the region 
using a wide range of planting dates. 


MANAGEMENT ASPECTS 


Irrigation Methods 


All experimentation used surface irri- 
gation. Generally, that included up to 16 
applications of water totaling 600 to 700cn, 
depending on the crop duration and timing. 
Surface irrigation requires anelevated soil 
surface. Considerable research work has 
compared the effectiveness of planting on 
ridges 75cm apart versus beds 1.5m wide 
for a number of planting dates and cultivars 
Cidas ferent. maturitiges . 

Bed andridge culture were equally effec- 
Live for the cultivar lines that matured late 
in which branching allowed utilization of the 
wide inter-row spacing. However, bed culture 
is obligatory for short-duration crops (late 
plantings or lines thatmature early) because 
that culture allows therow widths to be ad- 
justed inorder to produce the best canopies 
of compact, nonbranching plants. 

On the soils in the experiments, water 
penetration across thel.5-m bed was adequate, 
but penetration could bea problem with other 
soil types and adifferent topography. Bed 
construction involves anextra cultural op- 
eration before planting, but seems tobe just- 
ified in that it allows an adjustment of row 
widths and plant density for the combination 
of planting date and cultivar that have been 
eetected, 

Studies of soybean culture elsewhere 
in Australia [unpublished data, M. Hunter, 
University of Queensland, 1978; and unpub- 
lished data, K. Nathanson et al., CSIRO, 

St. Lucia, Queensland, 1979] showed clearly 
that soybeans respond well to continuously 
wet soil conditions involving afixed water 
table. Such circumstances produced greater 
shoot and root development, increased nodu- 
lation, and sustained N-fixation during the 


seed-filling period. Field studies in the 
Ord River Scheme [unpublished data, A.L. 
Garside et al., Department of Agriculture, 
Kununurra, Western Australia, 1979] have con- 
firmed the benefits associated withvery fre- 
quent irrigation. Investigations continue on 
the application of a wet-soil culture for soy- 
beans. There isnowclear evidence for soy- 
beans that the soil-plant-water relationship 
1S a Cratical factor in! the adaptation of 
soybeans to tropical environments, exerting 
a strong influence onplant growth and devel- 
Opment. 


Pest Incidence and Control 


The competition by weeds in soybeans can 
be serious inthe Australian environment de- 
scribed earlier, bothduring crop establish- 
ment and the advanced growth stages. The 
general practice 1s to. incorporate the her- 
bicide trifluralin at.the rate of 2 kg a.i./ha 
before planting. This has provided good con- 
trol of grasses and of some broadleaf weeds; 
but there was no control of certain broad- 
leaf weeds such as Sesbanta sp., Abelmoschus 
fteulae, and Phillanthus sp., which had to 
be removed byhand in the experiments. Such 
weeds create serious competition with the 
erop; so form larger areas, chemical control 
using Basagran at 3/4 kg a.i./ha at three weeks 
after planting was satisfactory. Higher 
rates depressed plant height and grain yields, 
although the oil content was affected only 
slightly. 


Insects 


Under the high-temperature conditions of 
the region, insect populations can develop 
rapidly onirrigated crops. Despite excellent 
plant performance, a cotton industry was 
aborted inthe 1970's largely because the mas- 
Sive insect problems could not be solved. 
Consequently, a close study was made of the 
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insect populations inthe soybean experimen- 
tal areas: 

Peak populations of different insects 
occur atvarious times of the year. The ma- 
jor insect pest, astem borer (Zygrita dtva) 
for which the usual native host is Sesbanta 
sp., attains peak infestation in up to 90 
percent of soybean plants inthe premonsoon 
period in December or before. With later 
plantings, there is progressively less in- 
festation, ranging to near zero for March 
plantings. However, suchlate plantings con- 
flict with the use of adouble-crop rotation 
system. Satisfactory control canbe obtained 
with chlorpyrifos at 1:7 (keea.iy, ha [Woods 
1976], but numerous applications are neces- 
sary and this presents serious ecological 
and economic problems. 

Various sucking bugs (Wezara vtridula, 
Ptezodorus hybnert, and Rtportes serripes) 
generally have achieved apeak infestation by 
the end of the rainy season. The number of 
green vegetable bugswas reduced drastically 
following therelease ofa parasite (7ritssol- 
cus basalts) by the Western Australian Depart- 
ment of Agriculture [Personal communication, 
G. Strickland, Department of Agriculture, Kun- 
unurra, West Australia, 1979]. 


CURRENT SITUATION 


Research suggests that grain yields in 
excess of 4,000 kg/ha are obtainable [unpub- 
lished data, D.F. Beech, CSIRO, St. Lucia, 
Queensland, 1977; and unpublished data, A.L. 
Garside, Department of Agriculture, Western 
Australia, 1979]. This has led tocommercial 
interest in soybeans as a crop for the Ord 
River Irrigation Area. The soybean cultivar 
Ross and line 49-38 were released initially. 
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They are now being grown commercially on a 
small scale. Seed yieldsof upto 2,500 kg/ha 
have been obtained. 

Two higher-yielding cultivars will be 
released before the endof 1979—one maturing 
earlier than 49-38 and one maturing later 
than Ross. The earlier cultivar will be ma- 
ture soon enough to permit dry-season sun- 
flowers to be planted at their optimum time. 

A program of evaluation on breeding. 
lines and accessions is in progress. This 
involves an in-depth study of plant-water 
relationships under anumber of methods for 
irrigated culture. 
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Effect of Planting Date on Soybean Development 
and Production Under Irrigation in Southern Spain 


MA. JESUS GRANDE AND A. BORRERO 


ABSTRACT: The response is reported of soybean cultivars grown under irrigation 
in southern Spain. The cultivars were planted over a series of dates during two 
consecutive seasons in randomized plots at La Rinconada, Sevilla (37° 30' north 
latitude). For all cultivars, each plant-development phase through flowering was 
extended as the hours of daylight increased and the temperatures became cooler. 
Yields decreased when the plantings were made in early April. Planting dates in 
May and early June appeared to be optimum, although seasonal and cultivar differ- 
ences occurred. Generally, there was a decrease in yields when planting occurred 
in late July because of the small plant size and the low position of the first pod. 


THE OBJECT OF THIS REPORT is to present in- 
formation about the behavior of different 
varieties of commercial soybeans with dif- 
ferent planting dates. Experiments were 
Gatriea OUL On the)Haza.del Monte farm in 
San Jose de la Rinconada in the Province of 
Seville by the soybean team of the Instituto 
Nacional (INIA). The farm is representative 
Of irrigated land an-the lower-half of the 
Guadalquivir Valley, the principal area of 
soybean production in Spain. 

The 1974 experiment was carried out by 
Alejandro Agustin Castillo; and the one in 
1975, by Francico Montes Agusti. The results 
have been brought together with those from 
tests in other regions and published under 
the title Tests and Experiment during INIA's 
1974-1975 Soybean Seasons (Ensayos y Expert- 
enctas de Soja-Campana 1974-1975 del INIA). 

Apart from this, a detailed study on 
seed quality resulting from the 1975 experi- 
ment has been published by Bartual Pastor 
and Montes Agusti in the INIA Annals, No. 6, 
under the title The Influence on Quality of 
the Date of Planting (Influencta de la Fecha 
de Stembra en la Caltdad). 

Articles were also published on the 
same subject in the December 1976 and July 
1978 editions of Agriculture magazine. These 
can be consulted for further information. 


MATERIALS AND METHODS 


The experiments were carried out dur- 
ing the 1974 and 1975 seasons on the estate 


mentioned at latitude 37° 30' north, 20 
meters above sea-level. Figure 1 shows the 
maximum and minimum temperatures during 

1974 and 19/5. Figure,.2 describes the hours 
of daylight at La Rinconada Station. The 
Soil is.a) clay. loam, 

Flood irrigation was applied before 
planting, if needed, and as required during 
the growing season. From 8 to 12 irriga- 
tions were used. 

The necessary insect control treatments 
for red spider mites (Tetranychus urttcae 
and Spodoptera littoralis) were applied. 


TEMPERATURE (°C) 


April May June July August Sept. Oct. 


Figure 1. Maximum and minimum temperature 
means during the 1974 and 1975 
growing seasons, La Rinconada, 
Spain. 


Maria Jestis Grande and Adolfo Borrero are research scientists at the Instituto Nacional de 


Investigaciones Agrarias, Sevilla, Spain. 
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Hours of Daylight 
@ 


April May June July August Sept. Oct. 


Figure 2. Lengthofdays during the growing 
season at. 37 30' Latitude nerth, 
La Rinconada, Spain, 1974 and 
OF Bin 


The cultivars Amsoy, Beeson, Corsoy, 
Williams, Calland, and Cutler were planted. 
In 1974, trials were planted on May 27710; 
and’ 31, June) 24 7) and/guly ils ane 975.7 on 
April 10, May 2 and 23, June 20, and July 
10. Phosphorus and potassium were applied 
at rates of 44 and 104 kg/ha, respectively. 
Treflan was applied as the herbicide. 

The seed was inoculated. In 1975, 25 
kg/ha of nitrogen as urea was added near 
the base of the plant. Nodulation was sat- 
isfactory during both years. 

Sowing was done by hand, with an aver- 
age of 30 Seeds per meter’ The areas sown 
on each planting date were done in series, 
not at random. Each area contained 7 treat- 
ments in randomized blocks. The treatments 
were replicated 5 times in 1974 and 4 times 
in 1975. The blocks contained 4 rows per 
variety, with rows spaced 0.6 m apart and 
IG0 mviong in 1974, and 7am long in 1975. 

Data are included for the number of 
days from sowing to emergence; days to the 
beginning of flowering, 50 percent of the 
plants with 1 flower; days to maturity, 95 
percent of the pods turned brown; height of 
the plants at maturity; height from the 
ground to the lowest pod; and seed yield 
(in kilograms per hectare). The moisture 
content was uniform for all seed harvested 
from any one planting, but ranged from 8 to 
12 percent over all of the treatments. 


RESULTS AND DISCUSSION 


1. EMERGENCE. The time required for emer- 
gence was shortened depending on the 
lateness of the planting date (Figures 
3 and 4). This is attributed to higher 
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The 1974 growing season: effect 
of the planting date on the dura- 
tion of growth phases, 6 soybean 
varieties, La Rinconada, Spain. 


jowerin 


CORSOY 


BEESON 


CALLAND 


WILLIAMS 


CUTLER 


April May ju July August September October 


Figure 4. The 1975 growing season: effect 


of the planting date on the dura- 
tion of growth phases, 6 soybean 
varieties, La Rinconada, Spain. 


temperatures. That fact favors later 
planting and is very important for a 
second crop or for double-cropping in 
the region. The problem is lack of 
sufficient water in the soil for ade- 
quate germination. Preplant irrigation, 
therefore, is generally necessary. 
BEGINNING OF FLOWERING. The number of 
days to the start of flowering was in- 
fluenced by the hours of daylight (Fig- 
ures 2, 93,;and 4). The time) from planc- 
ing to the beginning of flowering was 
progressively shortened according to 
how long planting was delayed. The 
planting date must be one that permits 
flowering, pod formation, and subse- 
quent plant development to take place 


YIELD (KG/HA) 


Figure 5. 


at favorable times with regard to tem- 
peratures. The effect of temperature 

on seed quality, including the oil and 
protein content, has already been shown. 
MATURITY. The later the planting date, 
the more the plant growth cycle was re- 
duced (see Figures 3 and 4). The time 
to flowering became shorter as the 
planting was delayed. This was reflec- 
fcusalso in less time to maturity. 

PLANT HEIGHT. Maximum height was at- 
tained by the plants seeded in the mid- 
range of planting dates studied (Tables 
Igond 2), With the later plantings, the 
principal cause of low yields was con- 
Sidered to be the short plants produced. 
LODGING. The extent of lodging was cor- 
related with the height attained by the 
Plants {Tables 1 and 2). 

HEIGHT OF THE LOWEST POD. This varied 
according to the growth characteristics 
of each variety (Tables 1 and 2). The 
variability was not as great in later 
plantings as in the earlier ones. 

YIELD. The regression constants and cor- 
welatiwen coctricients for the effect of 
duration of development phases on seed 
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1974: effect of planting date on 
yields, 6 soybean cultivars, La 
Rinconada, Spain. 


yields are shown in Table 3. There was 
a significant correlation between the 
number of days to flowering and yield 
and the time to maturity and yield. The 
relationships between planting date and 
yield for each cultivar in 1974 and 1975 
are shown in Figures 5 and 6. 

Yields were lower for the plantings in 
early May of 1974 compared to 1975 with Cor- 
soy, Williams, Cutler, and Calland. In 1975, 
lower yields were observed only with Corsoy 
and Calland. Early plantings in the Guadal- 
quivir Valley flower when the temperatures 
are highest, and this may have affected the 
yield of the crops sown early because of the 
decrease in flower and pod survival. ‘In 
both seasons, yields were greatly reduced by 
planting in late July. Those plantings pro- 
duced smaller plants and lower positions for 
the first pod than any others. 

The results show that the growth cycle 
of soybean plants can be predicted for the 
area of Spain studied. A long growing sea- 
son does not seem to be necessary for high 
yields. Soybeans can be planted on a flex- 
ible schedule which would permit double- 
cropping. 
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Table 1. Effect of 5 Planting Dates on Selected Agronomic Characteristics of 6 Soybean 
Cultivars, La Rinconada, Spain, 1974 Season 


Plant Height to 
height Lodging lowest pod 
Cultivar (cm) (percent) (cm) 


May 2 planting 


Corsoy Oe Fz 3.0 a 
Amsoy 0.97 5.0 Be 
Beeson OF97 Zl 6 
Calland els) Pred) 9 
Williams ee PO 8 
Cutler ie LS 2.0 8 
Mean I, {Q)ul Dae di 
May 10 planting 
Corsoy Oats 4.0 4 
Amsoy 1.00 Si 6 
Beeson OO Sm) 6 
Calland 12a SoU 10 
Williams Ihe LS Zed 6 
Cutler oe Be5 9 
Mean OS St if 
May 31 planting 
Corsoy 0.81 520 10 
Amsoy ee Da PE 
Beeson ako 50) a 
Calland N28 4.0 14 
Williams 1.19 Sr) 14 
Cireiexs 1.39 al, § 14 
Mean ihe dle al ll 1 
June 24 planting 
Corsoy 0.80 520) 5 
Amsoy INE PAY, 5.6 a 
Beeson We dly Se) 6 
Calland Lee 5) 5, tll 14 
Williams howe 30 jal 
Cutler eae es iat 
Mean ods 510 9 
July 11 planting 
Corsoy OT o}s) 265 2 
Amsoy O29% 320 2 
Beeson 0.87 2.0 fd 
Calland 0.92 Se) Z 
Williams 0.95 EAD 2 
Cutler 0.88 Sin) 2 
Mean 0.86 OG 2 
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Table 2. 


Cultivar 


Plant 
height Lodging 
(cm) (percent) 


Effect of Planting Date onSelected Agronomic Characteristics of 6 Soybean Cultivars, 
La Rinconada, Spain, 1974 Growing Season 


Height to 
lowest pod 
(cm) 


a ee ee 


Corsoy 
Amsoy 
Beeson 
Calland 
Williams 
Cutler 
Mean 


Corsoy 
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Calland 
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Cutler 
Mean 
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Mean 
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Table 3. 


Regression and Correlation Data for the Relationship between 


Growth Phases and Yields of Soybean Seed, at Two Experiments 
ae La Rinconada, Spain, —L974 andelo/5 


Growth Statistical constants 

phase a b2 y? 

(days) 

Planting to emergence S501 2550 0.08 
Emergence to flowering 1,760 OM aged OS 
Flowering to maturity 830 Be! O.55e% ‘ 


aRegression equation y = a + bx, where x = days and y = yield in kg/ha. 
bcoefficient of correlation with yield. 


*“Significant at the 1 percent level. 
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Mechanization Alternatives 
J.c. SIEMENS 


ABSTRACT: For a given farm size and system of crop and soil management, there is 
a set of machinery (least-cost set) which will result in the lowest cost. That 
cost consists of the fixed and variable costs for the machinery itself, the costs 
for labor required to operate the machinery, and the costs related to the untimely 
completion of field operations. The size of machines in this least-cost set is 
determined by how closely the machine productivity (in hectares per hour) matches 
the combination of farm size and work time available. The available work time is 
determined mainly by climatic factors and the importance of timely field operations 


in relation to crop yields. 


The principles for selecting the best set of machinery for use on a particular 


farm are the same regardless of the farm size. 
or all of the necessary equipment can be justified. 


For large farms, purchasing most 
For small farms, equipment 


rental and hiring machinery to do some custom operations should be considered. 
The technology is available to provide almost any degree of mechanization 


desired for a farm enterprise. 


But the level of mechanization actually used is 
constrained by social, economic, and political factors. 


Thus, gaps often exist 


that separate the best technical solution for a given mechanization problem from 


the best practical solution. 


THE QUESTION FOR MANY COUNTRIES is whether 
agriculture should be mechanized and, if so, 
to what extent. Generally, when soybeans 
erescrown, the Soil is tilled extensively 
before planting and cultivated after plant- 
ing. Then, the cropis harvested by machine. 
Using hand labor for any of these operations 
would be very time-consuming and tedious. 
So, mechanization for soybean production 
certainly should be considered seriously and 
should be adopted if economically feasible. 
Mechanization usually reduces labor in- 
Pucse Merrill, 1975]. "fm countries where 
labor is abundant and inexpensive, the social 
problems resulting from mechanization are a 
serious concern and should not be taken 
lightly [Stout, 1976]. But a man unassisted 
is not particularly productive in agricul- 
ture. True, hecansee, judge, discriminate, 
and anticipate; but he lacks the strength, 
speed, and endurance of machines. 
Mechanization may increase the produc- 
tion of soybeans and other crops because of 
one or more of the following factors: 
1. Better primary tillage and seedbed pre- 
paration. 
2. Lower harvest.losses. 


3. Greater precision when planting seeds and 
applying fertilizers and pesticides. 

4. Improved weed control due to mechanical 

cultivation and the proper use of herbi- 

craes. 

More timely completion of all operations. 

More intensive land utilization for crops. 

Less need for animal feed. 

More land in crop production because of 

the extra work that can be accomplished 

with machines. 

The reduced drudgery of farm work result- 
ing from mechanization should also be consid- 
ered. Mechanization would be justified only 
after a complete accounting of the factors 
listed previously, plus any benefits resulting 
from reduced labor costs. 

Often, the first step in mechanization 
is starting to use a tractor for the primary 
tillage and threshing operations. Tractor 
power is often made available through custom 
tractor services of some sort. Mechanization 
of the primary tillage and threshing opera- 
tions should be available to farmers before 
they attempt to produce soybeans, especially 
where soybeans are to be grown on a commer- 
cial basis. 


CONAN M 


John C. Siemens is Professor of Power and Machinery, Department of Agricultural Engineering, 
University of Illinois at Urbana-Champaign, USA. 
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MECHANIZED SOYBEAN PRODUCTION 


Technology and machines are available 
to mechanize soybean production to almost any 
extent desired. The commonly available tools 
for primary tillage include moldboard plows, 
chisel plows, subsoilers, sweep plows, disk 
plows, and disks of the heavy-tandem, offset, 
or one-way type. These tools loosen, frac- 
ture, and manipulate the soil to various 
degrees and leave varying portions of the 
plant residue on or near the soil surface. 

For secondary tillage or seedbed prepa- 
ration, there are light- and medium-weight 
disks, field cultivators, an assortment of 
drags, powered and unpowered harrows, rollers 
and cultipackers, as well as other machines. 
Operations can be combined. Many planter 
variations are available for planting with 
residue onthe surface as well as in a clean, 
well-prepared seedbed. In addition, seed 
can be planted on ridges, on a flat seedbed, 
or in furrows. 

Soybeans are harvested with combines in 
the Umited statesy inisais also trues, ote: 
countries where soybeans are produced on a 
largewscalen 

I do not mean to imply that every pos- 
sible type and sizeof equipment is available, 
that it performs,pertectiy, Or, thateie 1s 
suitable for soybeans in every situation. 
New and improved equipment will continue to 
be designed and adapted to various situations. 

Many of the techniques and machines used 
for producing grain and row cropscan be used 
for growing soybeans. The primary and second- 
ary tillage requirements for soybeans are 
similar to thoserfor other rcropsi. Planting 
and harvesting equipment may deserve special 
consideration. A uniform planting depth and 
good contact are important for fast emergence 
and adequate stands of soybeans. Uneven, 
rough seedbeds are usually unsatisfactory. 
Many available planters and drills will sat- 
isfactorily meter and plant soybeans in a 
reasonably well-prepared seedbed [Paulsen and 
Nave, 1979]. 

Special combine headers or header at- 
tachments specifically designed for harvest- 
ing soybeans should be used. According to 
tests [Nave et al., 1977], combines doa sat- 
isfactory job of threshing and cleaning soy- 
beans and cause little damage when the mois- 
ture content of the beans is below 13 percent. 
Generally, soybeans are regarded as an easy 
crop to thresh. Whenthe machine is properly 
adjusted, the average threshing loss is less 
tha G5 percent tof sthe yield: 

The biggest problem when harvesting soy- 
beans by machine is to get the soybeans into 
the machine without excessive losses. The 
average loss from a combine equipped with a 
header commonly used for wheat is 8 to 10 per- 
cent of the yield—even in tall, well-standing 
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soybeans; and, of that loss, 85 percent occurs 
at the header. The losses at the header are 
the result primarily of shattering (caused by 
the action of the reel, sickle, and other 
header parts) and of stubble losses (beans 
being left on the stubble). Other @lossecmec. 
cur because of loose stalks (stalks with beans 
that were cut but did not get into thescombicy 
and lodged stalks (beans or lodged stalks at- 
tached to the ground and not cut). | Thesheager 
losses were reduced to about 6 percent when the 
standard header was equipped with a floating- 
type cutter bar and hydraulic header-height 
controls. Using a new built-in, flexible 
cutterbar and a new row-crop head, the losses 
were. only 3.8 percent and. 1.4 percentrespec— 
tively [Nave et al., 1977]. 


PRINCIPLES OF OPTIMUM MECHANIZATION 


If all aspects of soybean production are 
to be mechanized, the optimum machinery sizes 
must be determined. Two of the most important 
factors in such determinations are the cost 
and availability of labor and the amount of 
cultivated land on which the machinery is to 
be used. Other factors include the areasor 
each crop to be produced, the number and types 
of field operations, the productivity of the 
available machines, and the penalty cost if 
the operations are not completed on time. 
Experimental field data are needed to evalu- 
ate many of these factors. 

In a qualitative way, Figure 1 [Burrows 
and Siemens, 1974] represents the relation 
of machinery size to costs on a specific farm 
with one laborer performing a given set of 
field operations. The lowest line an Figure 
1 represents the annual changes in fixed and 
variable machinery costs as the size of ma- 
chinery aicroases. 

Figure 1 assumes that one man is paid an 
hourly wage only when he is operating field 
machines. The labor cost is constant, and 
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MACHINERY SIZE 


Figure 1. Costs related to machinery size 
for a specific farm size. 


greatest, until the machinery is large enough 
to reduce total field time below the level of 
full-time employment. ''Full-time'' refers to 
the use of all available time in which field 
work can be performed. From that point on- 
ward, the increasing productivity of larger 
machines results in a lower and lower labor 
cost. 

The "timeliness" cost is defined as the 
Peer or tne crop yield that is lost if oper- 
ations are not completed on time. Before 
timeliness cost penalties can be determined, 
field operations must be scheduled. The 
completion dates of operations such as plant- 
ing and harvesting may be the key dates that 
directly affect yields. These dates may be 
the only ones for whicha penalty is assessed. 
However, planting can be late because the 
preceding operations were behind time. For 
example, the plow may be too small, but the 
planter of adequate size. In that case, the 
timeliness cost shouldbe ascribed indirectly 
to plowing, even though the calculations 
show planting to be the cause. The philoso- 
phy, though, should be to assign the timeli- 
ness penalty to the system, not just to one 
operation. 

The discussion of timeliness brings in- 
to focus the necessity of considering the 
entire farm enterprise as a system. Soybean 
production may be only one part of the sys- 
tem; so if considered individually, the an- 
alysis would be only a partial one. To be 
complete, all parts must be combined with a 
consideration of the interactions betweeen 
the requirements of the various crops. 

The general cost relations shown in 
Figure 1 indicate that timeliness costs— 
and, therefore, the total costs—are very 
high when machinery is too small. The pen- 
alty for machinery that is too large is much 
lower. This relation makes it economical 
for a farm enterprise to own machinery of a 
size that allows some of the risks of climate 
and other factors to be met. 

The ordinary delays caused by bad 
weather, soil conditions unsuitable for field 
work, oreven holidays and breakdowns, reduce 
the time available in which to complete field 
operations. The time available can be used 
more effectively with larger machines or with 
more machines. Either response requires a 
greater initial “anvestment. 

Because delays vary considerably from 
season to season, the farmer with the opti- 
mum machinery set will have too much machin- 
ery capacity for some years, the correct 
amount for others, and not enough for still 
others. That is, the least-cost machinery 
size shown in Figure 1 will be true strictly 
for only one level of risk induced bya given 
set of hazards. Most farmers are familiar 
with the principles of Figure 1 and will de- 
cide on the relatively lower added cost (to 


the right of the least-cost point), rather 
than chance the high penalty of not finish- 
ing critical field operations on time. 

For most farming systems, machinery size 
can be varied the most by changing the size 
of the tractor(s) or the harvesting equip- 
ment. Thus, a three-dimensional graph can 
be plotted with the axes being the (1) trac- 
LOvSUze,a(4) size of harvest equipment, and 
(3) total cost for machinery, labor, and 
timeliness. The least-cost machinery set will 
appear as the low point on the surface thus 
defined. 

To determine the least-cost machinery set 
for a farm, the desired field operations must 
be listed first. From the list, the necessary 
equipment to do the operations is selected. 
The power units should be matched to the im- 
plementssforetractors and the attachments: for 
combines. The productivity associated with 
each matched set of machines is calculated by 
using speed, width, and) field efficiency. 

The ‘scheduling for all operations is; of 
the utmost importance and is possible only 
with a knowledge of the time constraints. The 
number of hours per day available for the field 
operations is limited both by the availability 
of labor and by soil conditions. Labor avail- 
ability usually is known fairly well. How- 
ever, soil conditions may only be determined 
ima probabilistre way. Thesuncertainties 
involved in predicting weather and in select- 
ing an acceptable probability level make it 
difficult to  generalizerover a. wide Climatic 
area. -As indicated earlier, the level of risk 
(or the probability of working-time availi- 
bility) must be’ selected) by thesfarmer. Be- 
cause of long experience, farmers in almost 
all crop areas have settled on an acceptable 
risk level. The scientists and engineers, 
who must examine a whole range of situations, 
are the ones who have difficulty in quantify- 
ing this risk. By computing the cost for sev- 
eral sets of equipment, it is possible to de- 
termine the least-cost machinery set fora farm. 

It isvalso possible to examine different 
tillage systems with the principles described 
above. For example, Siemens and Burrows [1978] 
reported the machinery-related costs ona corn- 
soybean farm in the Corn Belt of the United 
States. Optimum machinery sets and costs were 
determined for tillage systems varying from 
the use of moldboard plowing in the fall with 
several secondary tillage operations in the 
spring to the planting of corn and soybeans 
with no tillage. The optimum machinery set 
consisted of tractors with power ranging from 
112 to 60 kilowatts and combine harvesters of 
8 tor4 corm Tows) forsausivenptarm/sizeceg the 
machinery cost of the no-tillage system was 
two-thirds that of the moldboard-plow system. 

As:the tillage system changes, so does 
the size of the optimum machinery set as well 
as the types and amounts of other inputs, such 
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as fertilizers and pesticides. When the 
costs of these other inputs were included, 
there was little or no discernable difference 
in the total costs for the several tillage 
systems studied. 

The effects .of farm size on either ma- 
chinery or labor requirements are less obvious 
than the effects of tillabe systems. Figure 
2 shows how the cost per hectare of machinery, 
labor, and timeliness were plotted as farm 
size increased. The costs shown are the 
least-cost points, as in Figure 1, but with 
farm size varied. The plot in Figure 2 was 
derived from actual data, but is shown quali- 
tatively in order to illustrate the principles 
involved. 
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Optimum machinery combinations 
and related costs for various U.S. 
maize farm sizes. 


Ata given labor bevel, they labor cost 
per unit of land area decreases with farm 
Size, aS 6xpectedg) Alsoyees. expected athe 
size of the optimum machinery set increases 
as the farms become larger. At some point, 
the largest machinery available would not be 
able to get thé field operations completedjin 
a timely manner. The timeliness penalty then 
DégIns LoOsinceresse:. 

Finally, the timeliness penalty is equal 
to the added cost of more machines and labor. 
Then, another man and machine are added and 
optimum machine size is reduced. The fixed 
and variable costs for machinery per unit of 
land area decrease with farm size. 

Only machinery-related costs are shown 
in Figure 2. The returns from production are 
not indicated, nor are all the other costs 
related to production. However, if the crop- 
management practices are the same, the costs 
of most other inputs per unit of land area 
remain constant regardless of farm size. 
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This is in contrast to the cost vartaurirrs 
related to tillage systems discussed earlier, 


SUMMARY 


Technology is available to provide almost 
any degree of mechanization, or level of any 
other input, for the farm enterprige se oe 
there are social, economic, and political 
constraints. Thus, the best technical solu- 
tions are often not the ones actually used, 
Even more important, the failure to saccoune 
for changes in these constraints 1S the major 
cause of unsuccessful technology transfers. 

Furthermore, all of the technical factors 
must be integrated into a single approach be- 
fore the optimum technology can be determined 
for a particular farm situation. These fac- 
tors include, but arenot limited to: (1) all 
of the agronomic factors affecting yields; 

(2) water management; and (3) mechanization. 

Crop and soil scientists and agricul- 
tural engineers usually evaluate most of the 
individual factors according to their respec- 
tive disciplines, leaving the task of putting 
the pieces together into a system tour. 
farmer. Little or no consideration 15 given 
to the degree to which the individual 7acore 
influence the risk level and) the pracci a. 
management of risk. 
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Production Costs for Irrigated Soybeans in Egypt 
and Comparisons with Cotton 


M.E. QUENEMOEN, R.J. MCCONNEN, AND G. AYAD 


ABSTRACT : 


where cotton could be grown? 


What are the economic consequences of growing soybeans on land 
This question is analyzed first from the view of 


an individual farmer using existing farm-gate prices and then from that of 
Egypt as a nation, using international market prices. 
Soybeans and cotton are grown in sequence with other crops during one ag- 


ricultural crop year in Egypt. 
berseem combinations. 


This paper compares soybean-berseem and cotton- 
(Berseem is Egyptian clover.) 


Using current farm-gate prices for products and production inputs, the 
analysis indicates that an individual farmer could increase his farm income by 
LE 140 per feddan by shifting land from a cotton-berseem to a soybean-berseem 


combination. 


However, when world market prices are substituted for farm-gate 


prices, each feddan of land shifted from cotton-berseem to soybean-berseem 


loses LE 49 for the nation as a whole. 
of the text. | 


WHAT ARE THE ECONOMIC CONSEQUENCES of grow- 
ing soybeans on land on which cotton could 
be growing? To an individual farmer, this 
is a straightforward question of farm man- 
agement. To a nation, however, there are 
other implications regarding such things as 
the balance of trade, food security, and 
water-resource development. 

This paper presents cost-return reports 
based on farm-gate prices for soybeans, cot- 
ton, and berseem (Egyptian clover). The 
data were provided by Egyptian farmers. 
Next, partial budgets are used to compare 
the returns from the cotton-berseem and 
soybean-berseem combinations. Since soy- 
beans require a shorter growing season than 
cotton, the returns from berseem are added 
to the soybean alternative. Then, the 
budgets are adjusted to show the effect on 
net income using estimated market prices for 
crops and market prices for inputs such as 
chemical fertilizers and insecticides. This, 
then, permits us to examine the national 
implications of shifts between these com- 
peting crops. 


BASIC INFORMATION 


Crop-enterprise reports were standard- 
ized within the U.S. Department of Agricul- 
ture, starting in 1974. Congress required 


[Conversion factors given at the end 


a standardized procedure for computing pro- 
duction costs in order to administer a farm- 
subsidy program based on the "cost of pro- 
duction.'"' Oklahoma State University produced 
the system currently in use. Gxamplesaoe 
costs for growing soybeans and cotton in 
several areas of the United States) are 
available [Walker and Kletke, 1971]. 
Each area of the world has its own system of 
production, however, and world prices limit 
the costs that can be incurred under any 
system unless local governments are willing 
to subsidize the production. The, crop- 
enterprise reports in this paper foldowscne 
standard procedures recognized by the USDA. 
Crop-enterprise alternatives can be 
compared in a logical and concise way by using 
partial budgets. The process explained in 
detail by Upton [1973] is followed here. 
The simplest form of partial budgeting 
involves the following questions: 


1. What extra returns (gains) can be expected? 
2. What extra costs will be incurzeds 


Where the proposed new activities sub- 
stitute for something already existing, as 
when one crop substitutes for another ora ma- 
chine substitutes for labor, we must also ask: 


3. What present costs will no longer be incurred? 


Merle E. Quenemoen and Gamal Ayad are agricultural economists for the Egypt Water Use and 
Management Project, Ministry of Irrigation, Cairo, Egypt; R.J, McConnen is Professor of Ag- 
ricultural Economics, Montana State University at Bozeman, USA. 
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Table 1. Partial Budget Used to Estimate the Extra Net Grain from Soybeans at the Farm Level 


for Egypt 


Vee oOreECLFICATIONS 


Plant soybeans to replace cotton. Farm prices are used in the calculations. 
will permit soybeans to be substituted for cotton without any penalty. Soybeans require a 
growing season of 4 months. Cotton needs 8 months. The 4 months of extra land available 
because of the shorter growing season for soybeans will be used to produce long-season ber- 
seem. The total water requirements for soybeans and long-season berseem are approximately 
the same as for cotton and short-season berseem. (See the section on water requirements. ) 


2. ITEMS IN THE PRESENT SYSTEM LIKELY TC BE CHANGED 


The government 


Cotton stocks will not be available for fuel. More berseem will be available for livestock 


OnmEOresale. 


Labor requirements will be lower during the peak harvesting season for cotton 


and rice, which is reflected in lower labor costs. 


3. ESTIMATED GAINS AND LOSSES 
Gains 


eee haere curns: 
Income from soybeans. 
Income from long-season berseem. 


b. Reduced costs: 
Production cOStis: LOT Cotton, 


THE NET GAIN EQUALS) (a plus b) minus (¢ plus d). 


4. What present income will be sacrificed? 


Hence, the gain will be the sum of 
TEenGwluehaws, tne extra returns plus the 
Saved costs. The total cost will be the sum 
Oteicens 2 did 4, the extra costs plus the 
present ancome foregone. The total gain 
hintise the total cost, sthen, represents the 
net gain or expected increase in profit. 

Diem iestsctepmim partial budgeting 
should be to specify the proposed change, 
stating clearly what is involved and when it 
occurs. Second, would be to list the items 
in the existing system that are likely to 
be changed when the new policy is introduced. 
Doing this reduces the likelihood of omit- 
tampepossible*indirect effects of the 
change. 

Upton proposes the following format, 
faprewl, whichis used iin this’ report: 

Estimating costs and returns is fraught 
with difficulties. The analyst simply has 
to make the best of the resources at hand 
and must be willing to regard the results 
as tentative. If better information becomes 
available, the analyst must be willing and 
anxious to revise the partial budget. 

Two problems with partial budgeting 
should be mentioned. First, the performance 
among farmers usually is different, and the 
variability that exists around the figures 
used in a partial budget should be recog- 
nized. Second, the figures used in a 
partial budget are based on expected events. 


Losses 


Ey IEE. COSeES 5 
Producing soybeans. 
Producing long-season berseem. 


d. Reduced returns: 
Income from cotton. 
Cotton stocks. 


Actual occurrences, especially those involv- 
ing prices and yields, can vary considerably 
from expectations. 


CROP ENTERPRISE REPORTS 


Before continuing with the partial bud- 
get analysis of shifting from cotton to soy- 
bean production, let: us review =the data to 
be used in the partial budgets.) Tables? 
through 5 depict: typical enterprise costs 
and returns for soybeans, cotton, and ber- 
seem in the Kafr El Sheikh Governorate of 
Eoypt_in 19782 The datasare bascdsonm unter- 
views with farmers and on observations made 
by staff members assigned to the Egyptian 
Water Use Project’ The ‘cost-return reports 
on crop enterprises are followed by partial 
budgets, which are used to analyze the shift 
from cotton to soybeans. 

The cost-return reports use current 
Egyptian farm-gate prices to determine in- 
come in the cost-return tables. These prices 
will be modified later in the analysis. 

Concerning the costs and returns in 
Table 5, higher fall and spring prices re- 
sult in a higher average value for long-season 
berseem than for the short-season crop. Ber- 
seem is not usually planted in August because 
it does not grow well in the hot temperatures 
typical of that month. Long-season berseem 
is also subject to damage by cotton leaf 
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Table 2. Soybeans: Cost and Returns, 1 Feddan, Kafr El Sheikh Governorate, Egypt, 1978 


INCOME 
Soybeans 


VARIABLE COSTS 

Apply organic fertilizer 

Plow with tractor (3x) 

Smooth with cows and drag 

Furrow with tractor 

Chéean «ditch 

Seed 

Plant seed by hand 

Irrigate 

Reshape furrows using a 
donkey and a small plow 

Hoe 

Fertilizer? (55, days aiter 
planting, 33-0-0) 

Labor to spread fertilizer 

Irrigate 

Hoe 

Fertilizer (33-0-0) 

Irrigate 

Weed 

Irrigate 

Weed 

Irrigate 

Insecticide 

Rent. of Sprayer (3x) 

Labor for spraying 

irrigate s(2x) 

Cut by hand 

Transport by camel 

Labor to load camel 

Thresh with tractor 


TOTAL, VARIABLE COSTS 
GROSS MARGIN PER FEDDAN 
GROSS MARGIN PER MONTH 


Assumptions: (1) The previous crop was berseem. 


harvested on July 30. 4(3} 
the. full cost would. be LE°6. (4) 
and distribution. 


Uigaiie’ soyie 


measurement 


kilograms 


square meter 


feddanb 
hour 
feddanb 
man -hour 
kilograms 


woman -day 


hour 


hour 
man-hour 


kilograms 
boy-hour 
hour 
man-hour 
kilograms 
hour 
man-hour 
hour 
man-hour 
hour 
kilograms 
feddanb 
man-hour 
hour 
man-hour 
load 
woman -day 
hour 


(2) 


Number 
of 
units 


900 


Peale’ tone 
value 


pervunit (bess 


0.200 


.600 
.000 
U0 
.000 
.200 
200 
.500 
.470 


© GeG- OWN GM Sec 


S 


ae 
. 200 


oS 


.050 
.060 
.470 
.200 
.050 
.470 
yeu 
.470 
200 
.470 
. 000 
.650 
.200 
.470 
.200 
300 
.600 
.000 


DUS OO Oe oO ee SOO > Ora O'S 


Income 
Or 
cost, (LEI 


180 


PNNAHPWNWENKYNNWBNKW Br NNN NW ND FE’ OV NO 


CO WO 
oS 


Os 


Soybeans are plantedonApril 1 and 
The government shares equally the cost of insecticide.) fisg 


Irrigation water is free. except for the cost Of imiumng 


Rent of sakia 


cago). 


bone feddan equals 0.420 hectare (1.038 acres). 
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These costs) on-anshourly basishares 
Rent of 2 cows 

Labor to distribute 

water Sons 

Boy to chase cows 


LES Obie 


OEY 
0205 
0.08 


LE 0.47 per hour 
4Q0ne Egyptian pound equalled $2.556 in 1978 (average value, Federal Reserve Bank, Chi- 


Table 3. Cotton: Cost and Returns, 1 Feddan, Kafr El Sheikh Governorate, Egypt, 1978 


INCOME 
Seed cotton 
Stalks 

TOTAL, FARM INCOME 


VARIABLE COSTS 
Apply organic fertilizer 
Plow with tractor (3x) 
Smooth with cows and drag 
Furrow with cows and plow 
Clean ditch 
Smooth with cows and drag 
Seed 
Plant seed by hand 
Ghemical fertilizer: 


Super phosphate (0-5.5-0) 


Amonium Nitrate (33-0-0) 
ppread. fertilizer by hand 
Irrigate 
Thin by hand 
Hoe (2x) 

Irrigate 

Hoe 

leragat én 7x) 
Weed (3x) 


Pick insect eggs as needed 
Chemical control of insects 


Pick by hand (3.5 kantar) 
Pick byshand ().5<kantar) 
Transport seed cotton 
Cut stalks 

Transport stalks 

Labor to load stalks 


TOTAL, VARTABLE COSTS 
GROSS MARGIN PER FEDDAN 
GROSS MARGIN PER MONTH 


Unweé Yor 
measurement 


kantarb 
camel load© 


square meter 
feddand 
feddand 
feddand 
man-hour 
feddand 
kaila€ 

woman -day 


kilograms 
kilograms 
hour 

hour 
boy-day 
man-hour 
hour 
man-hour 
hour 
boy-day 
feddand 
feddand 
woman -day 
woman-day 
feddand 
man-hour 
camel -load© 
man-hour 


Assumptions: (1) The previous crop was berseem. 
Stalks are removed from the field on October 31. 


the cost of insect control. 


Bank, Chicago). 


bone kantar of seed cotton equals 157.5 kilograms. 


COne camel load equals 250 kilograms. 
done feddan equals 0.420 hectare (1.038 acres). 


Sone Kaila equals 16.5 liters. 


(2) 
(3) 


Number 
of 
units 


ine) 


ie) 
So Ee 
Ss) SH Or Re an oS 


Ne i) i 
rPrRAaAMA AHR OW AO 


i) ies) 
SS FT a) ec 


as 


Price or 
value 
per UNA af LEA 


000 


3.000 


S 2 Subs SS) Bosc 


SiSs ir SS OOO! LOS STOOL Ora One Sc 


.600 
. 000 
. 000 
.000 
.200 
. 000 
. 300 
. 500 


ae 
.050 
200 
.470 
. 300 
.200 
.470 
.200 
.470 
.500 
.000 
.000 
.500 
.500 
. 000 
.200 
.900 
.200 


Income 


or 


goste( LE) = 


ies, 
15 
190 


— 
NON MN M NW Os dO 


= 


—— 
CO > > 1G) (COGN Ga! “Cl (DONOn FSC he 5S 


i 
oO WN 
No) 


9 


Cotton is planted March1 and the 
The government shares equally 
The full cost would be LE 34 per year. (4) Irrigation costs 
on an hourly basis are the same as for soybeans (see Table 2). 

4One Egyptian pound (LE) was equal to $2.556 in 1978 (average value, Federal Reserve 


Table 4. Short-Season Berseem: Costs and Returns, 1 Feddan, Kafr El Sheikh 
Governorate, Egypt, 1978 


Unit of No. of Price or value Income or 
measurement units percanat (Lea cost (LE)? 
INCOME 
Two cuts in 4 months tonne 13 5.000 65 
VARIABLE COSTS 
Seed kailab 1.5 8.000 12 
Chemical fertilizer 
Super phosphate 
(0-15-0) kilograms 50 O22 1 
Ammonium Nitrate 
(33-0-0) kilograms 50 02030 3 
Spread seed and fer- 
tilizer man-hour 4 0.200 il 
Irra gates (5x) hour 12 0.470 6 
TOTAL, VARIABLE COSTS RS 
GROSS MARGIN PER FEDDAN 42 
GROSS MARGIN PER MONTH 11 


Assumptions: (1) The previous crop was cotton. (2) Short-season berseem is 
planted in November and the second cut is made in February. (3) Irrigationison 
an hourly basis, at a cost of LE 0.47 per hour. (4) Berseem is usually sold by 
the "kerat cut''as it standsinthe field. One feddan has 24 kératvcuts, Swereaine 
6.5 tonnes as green. forage. (5) The market value of berseem in mid-winter is 
lower than in the fall and spring because supplies are abundant in the winter. 
42QOne Egyptian pound (LE) equalled $2.556 in 1978 (average value, Federal Reserve 
Bank, Chicago). 
bone kalia equals 16.5 liters. 


Table 5. Long-Season Berseem: Costs and Return, 1 Feddan, Kafr El Sheikh 
Governorate, Egypt, 1978 


Number Price or Income 
Unasemost of value or 
measurement units per unit (LE)@ cost yi Ee) 
INCOME 
Five cuts in 8 months tonne 33 6.000 198 
VARIABLE COSTS 
Seed kailab ‘yas 8.000 ie 
Chemical fertilizer 
Super phosphate 
(0-15-0) kilograms 100 0.022 2 
Ammonium Nitrate 
(33-0-0) kilograms 50 0.050 & 
Spread seed and fer- 
tilizer man -hour 4 0.200 il 
terigate. (L0x) hour 40 0.470 18 
TOTAL, VARIABLE COSTS 36 
GROSS MARGIN PER FEDDAN 162 
GROSS MARGIN PER MONTH 20 


Assumptions: (1) The previous crop was soybeans. (2) Long-season berseem is 

planted in September and the last cut is made in) March. (3) Irrigation is on 

an hourly basis, at a cost of LE 0.47 per hour. (4) Berseem is usually sold by 

the "kerat cut''as it standsinthe field. One feddan has 24 kerat cuts, weighing 

6.5 tonnes each as green forage. 

4One Egyptian pound (LE) equalled $2.556 in 1978 (average value, Federal Reserve 
Bank, Chicago). 

bone kalia equals 16.5 liters. 
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worms during that period. One might consi- 
der following soybeans with a crop of corn 
forage before planting berseem, which might 
or might not be profitable. 

The variable costs purport to include 
all such costs. We intend to include all 
costs actually paid by a farmer, plus the 
market value of human labor and other inputs 
supplied by the farmer and his family. The 
gross margin can be explained as the "'re- 
Sidual return to land, water, the farmer's 
management, and unpaid services such as may 
be supplied by government.'' Thus, any land 
rents, taxes, and returns to management 
must be paid out of the gross margin. 

Keepain mind that the, return,to,a far- 
mer may exceed the gross margin if he pays 
no rent or taxes and if labor and animal 
power are supplied by him, his family, and 
his own animals. Each farmer's actual in- 
come from any crop will depend on his ten- 
ure status (whether he owns or rents the 
land), the amount of labor he and his family 
supply, and the amount of power and organic 
fertilizer supplied by his animals. 


ANALYSIS OF SHIFTS FROM COTTON TO SOY- 
BEANS: A FARMER'S POINT OF VIEW 


Letus consider the question: Would it 
Denelitvyaptarmer (to, Shift from cotton to 
soybeans? For an analysis, it is appropri- 
ate to use farm-gate prices as in the crop- 
enterprise reports: 

Cotton occupies the land from March 1 
through October; soybeans, from April 1 
throughsJuly,. ,When the land is notin these 
crops, it can be producing any one of a num- 
Der.of suitable fall and winter crops. This 
analysis assumes that the off-season crop 
pSeberseen. 


Part 3 of the partial budget outline 
from Table 1 is now reproduced. The values 
for cost and income changes have been in- 
serted, taken from Tables 2 through 5. The 
partial budget is shown in Table 6. 

Given the current prices paid to far- 
mers, soybeans look profitable. It should 
be noted that of the total cost (LE 294), 
65 percent is associated with reduced re- 
turissfrom cotton. Ofsthe total cain (GLE 
434), 28 percent occurs because cotton would 
not be produced and 31 percent because of 
selling berseem. »1f"cotton 1s "an alternate 
crop to soybeans, the cost and returns 
associated with cotton have a great effect 
on the cost of producing soybeans. Simi- 
larly, if berseem production is increased 
as a result of shifting to the long-season 
Variety, then the lavestockiprices policy, 
whichs controls: ther price of berseen:) 1seor 
considerable importance. Clearly, the is- 
sue requires more than an examination of 
existing prices for soybeans and cotton. 

If all of the prices and costs used were 
generated by a market system and if no ex- 
ternal factors existed, we could simplify mat- 
ters and say that, what is good for the farmer 
is good for the nation. The reverse would also 
hold: What is good for the nation is also good 
for the farmer. However, if government poli- 
eresecenerateldi frerents pricess forathe ouc— 
puts and inputs than ones that would have oc- 
curred under acompetitive market system, the 
congruence might not occur. 

Many countries in the world, including 
Egypt, thaveesuch*policiss:, Iheretore, its1s 
appropriate to ask a second question, which 
can also be dealt with by using a partial budget: 
What is the cost at the national level of pro- 
ducing soybeans? The question is broader now, 
but at least a start can be made by using a 
partial-budget approach. 


Table 6. Partial Budget inwhich Soybeans and Long-Season Berseem Replace Cotton and Short-— 


Season Berseem (from Table 1, Part 3) 


Se 
—_—__——SS 


ESTIMATED GAINS AND LOSSES 


EXTRA RETURNS: 
Income from soybeans, LE 1804 
Income from 3 cuts berseem, LE 1335.4 


REDUCED SCOSTS < 
Producing cotton, LE 1214 
TOTAL GAINS, LE 434 
NET GAIN = 434 - 294 = LE 140 PER FEDDAN 


EXTRA COSTS: 


Irrigation and fertilizer for long-season 
berseem, LE 13°>4 
Producing soybeans, LE 914 


REDUCED RETURNS: 


Income from cotton, LE 1904 


TOTAL COSTS. Les 294 


aQne Egyptian pound (LE) equalled $2.556 in 1978 (average value, Federal Reserve Bank, Chi- 


cago). 


bThe difference between gross income from long-season berseem and short-season berseem, re- 


flecting a combination of yield and price differences. 
CThe only additional costs of producing long-season berseem over short-season berseem are 


for fertilizer and 7 extra irrigations. 
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ANALYSIS OF SHIFTS FROM COTTON TO 
SOYBEANS: A NATIQNAL VIEWPOINT 


The accounting cost of any input should 
be based on the concept of opportunity cost. 
If anfarmer purchasésy fertilizer tor appli- 
cation to a cottonecrop; thertertilazerscost 
should be based on what the farmer must 
give up in order tommake the: puychasse. ‘The 
price the farmer pays, evenia subsidized 
one, is usually a good indicator of the 
opportunity cost. 

The price a farmer receives fora product — 
say cotton—also provides a good estimate of 
the opportunity cost the farmer would incur 
if, he did) notesell thesproduct.? sFoxecx- 
ample, it would "cost" a farmer about LE 35 
if he did not sell-a Kantar of seedicotton 
(or LE 222, per tonne)... However, theserval-— 
ues for "buying" and "selling" may not be 
the appropriate ones to use at the national 
levels) diithe- farmerisspricertorn fertriizer 
is a subsidized one, then the farmer's cost 
for fertilizer will understate the oppor- 
tunity cost of fertilizers fox? thesnacion, 
lf the farmer receives a price for hus; cot- 
ton which is half of the equivalent export 
price, them the price theifarmer neceives 
will understate the opportunity cost for the 
nation of not having atonne of cotton for sale. 

Let-us Sayothat thes farnapricestore cot - 
ton is half the exportiprice: sor cotton, 


Table 7. 
the National Level, Egypt, 1978 


and that the farm price for soybeans is 
greater than the import price. “It woulgspe 
inappropriate to use these prices in con- 
structing a national-level partial budget 
for soybeans compared to cotton. Although 
appropriate for the individual farmer, such 
prices would overvalue soybeans and under- 
value cotton at the national level. 

If soybeans are produced instead of 
cotton, a nation foregoes the opportunity 
of selling cotton and of buying soybean 
products. Of course, other issues. sucess 
food security are involved; but even there, 
policymakers should have information about 
the opportunity cost of additional amounts 
of something of real but intangible vyaiuer 
such as food security. 

The results of a national-level anal- 
ysis are different than when considering 
the individual farmer's point of view. This 
1s illustrated in Table 7. “The™snwiresss 
feddan from cotton and short-season berseem 
to soybeans and long-season berseem would be 
desirable for a farmer, increasing his in- 
come by LE 140. But apparently, such®asshire 
would be undesirable for the nation, re 
ducing its income by LE 49 per year  foreeach 
feddan so shifted. After accounting “for the 
policy variable affecting the indirect tax 
imposed on cotton and the subsidies given 
to inputs, the advantage for Egypt of shift- 
ing to soybeans becomes questionable. 


Partial Budget Used to Estimate the Extra Net Gain from 1 Feddan of Soybeans at 


1. SPECIFICATIONS 


Planting soybeans (an import crop) to replace cotton: (an export crop): 
prices approximate net import prices and export prices, respectively. 


Soybean and cotton 
Costs reflect market 


prices for fertilizer, sansecthicidesy iseeds, andenachinerys 


2. ITEMS IN THE PRESENT SYSTEM LIKELY 10 BE CHANGED 


Costs will be incurred to produce soybeans and long-season berseem. 


from these crops. 
will be lost. 


3. ESTIMATED GAINS AND LOSSES 
Gains 


Gi depceretel, ame cumenS ¢ 
Income from soybeans, LE 1804 
Income from 3 cuts of berseem, LE 133 


b. Reducéd: costs: 
Producing cotton, LE 1764 
(LE121 x 1.46)0,a 


TOTAL GAINS, LE 4894 


Income will increase 


Costs of producing cotton will be saved, but the income from that crop 


Losses 


Cy Ext ramcosiusr 
Irrigation and fertilizer for long- 
season, berseem;, LE ls 
Producing soybeans, LE 103 
(LE 91 x 1.14)},a 
d; Reduced returns: 
Income from cotton, LE 4224 
(LE 190 x 2.22)5,a 


TOTAL, COSTS ;*LEeSos= 


THE NET LOSS EQUALS 538, MINUS 489, OR LE 49 PER FEDDAN. 


aOne Egyptian pound (LE) equalled $2.556 in 1978 (average value, Federal Reserve Bank, 


Chicago). : 


bproduction cost and income values are adjusted by these coefficients, which were estimated 
with the assistance of various people in the Ministry of Agriculture and the Ministry of 


Economics and Foreign Trade. 
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A high price for berseem helps make 
the soybean alternative attractive, since 


long-season berseem captures the advantages 


of greater yields and higher seasonal prices. 


However, a government policy allowing unre- 
stricted imports of meat would cause a de- 
cline in domestic meat prices and, subse- 
quently, in berseem prices. The demand for 
berseem is derived at least partly from the 
demand for meat. Lower meat prices would 
reduce the demand for berseem; hence, the 
market price of berseem would decline. 


WATER REQUIREMENTS 


Any analysis of cropping strategies for 
Egypt must consider water requirements. 
Since information about water-use require- 
ments for irrigated soybeans is not avail- 
able, the authors assumed those requirements 
to be the same as for summer corn. The water 
requirements for corn, cotton, and berseen, 
taken from two sources, are summarized in 
ARLES. 

Table 8 indicates that the data from 
the two sources are in conflict, i.e., 
source one indicates the highest require- 
ments for the berseem-soybean combination 
while source two indicates the highest re- 
quirements for berseem-cotton. Perhaps 
nerve 1s Not enougn difference in the re- 
quirements to merit much concern at this 
stage of Egypt's land-water resource balance. 
By the time new lands are developed, how- 
ever, the land-water balance will become 
more critical. So, additional crop-water 
requirement data should be made available 
to help the policymakers. If soybeans are 
to become a more important crop in Egypt's 
future, studies should be started immedi- 
ately to determine the crop's water require- 
ments. 


CONVERSION FACTORS 


1 feddan equals 0.420 hectare (1.038 acres). 

1 feddan equals 24 kerat cuts (6.5 tonnes 
each). 

1 kantar of seed cotton equals 157.5 kilograms. 

1 kaila equals 16.5 liters. 

1 camel load equals 250 kilograms. 

1 metric tonne equals 2,205 pounds. 

1 Egyptian pound (LE) was equal to $2.556 


in 1978 (average value, courtesy of the 
Federal Reserve Bank in Chicago). On 
February 29, 1981, the exchange rate was 
1 LE = $1.45 (courtesy of Continental I1- 
linois National Bank, Chicago). 
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Table 8. Water Requirements per Feddan, Alternate Cropping Systems, Egypt, 1978 


Irrigation water 


Source (Source, Kramer) 
Cropping system (El Tobgy, 1976) CWR2 CWR + ELD 
cubte milititters 
Berseem, full season 1,961 3,080 
Soybeans (maize) Door 4,909 
5,298 7,989 
Berseem, catch . Doge et L747 
Cotton . 4,650 6,954 
5,880 8,701 


aCrop water requirements. 


bCrop water requirements plus conveyance and efficiency losses. 
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Country Reports 


Irrigated Soybean Production 
in Bangladesh 


A. KHAIR 


BANGLADESH SUFFERS FROM BOTH FLOOD AND DROUGHT. 
Although there is abundant rainfall during 
the June to September monsoon season, drought 
conditions exist during the October to May 
dry period. Soybeans and other crops that 
are generally grown during the dry period 
need irrigation. But, at the present time, 
only about 12 percent of the total cutiva- 
ble land has the irrigation facilities to 
meet full or partial water demands. About 

90 percent of the population depends on ag- 
riculture and agricultural industries for 
their living. But the daily diet of the con- 
mon people in Bangladesh is deficient in pro- 
téin, fat, and vitamins. 

Soybeans are one of the richest sources 
of high-quality plant protein and fat, with 
a protein content of about 40 percent and an 
Ol eecontent_or about, 20 percent. The total 
food supply of an average Bangladeshi is 
about 861 grams per day and only 3 grams is 
O11 Or fat. Even with this low level of fat 
and oil consumption, the government imports 
a large quantity of soybean oil every year. 
Because soybeans are so important as a food 
crop and as an oil crop, the government has 
launched a comprehensive program to promote 
the large-scale production of soybeans. The 
Bangladesh Coordinated Soybean Research Pro- 
ject was established in 1975 to conduct re- 
search on the introduction, cultivation, and 
use of soybeans in Bangladesh. 

Agricultural conditions in Bangladesh 
are ideal for producing soybeans throughout 
the year. Soybean yields compare well with 
the yields of other oil-producing crops. Not 
only soybean oil, but soybean cake, bread, 
and milk are very popular. 


PRODUCTION TECHNOLOGY 


Area Under Irrigated Soybean Production 


Only a few hundred hectares of land are 
now under irrigated soybean cultivation. The 


Bangladesh Coordinated Soybean Research Pro- 
ject and the Mennonite Central Committee are 
trying to popularize soybeans in Bangladesh. 
Itc is expected. that a. large portion of culti— 
vable land will be planted to soybeans by the 
Bangladesh Agricultural Development Corpora- 
tion, the Directorate of Agriculture (Exten- 
Sion and Management), the Mennonite Central 
Committee, andthe Bangladesh Coordinated Soy- 
bean Research Project. Fromthe record of the 
last few years, the observation can be made that 
the average yieldof soybeans in Bangladesh is 
very encouraging, ranging from two to three 
tons per hectare, depending on the management 
practices used and the season of production. 


Cultural Practices 


Generally, a country plough drawn by a 
bullock is the method used to cultivate the 
land. After three or four ploughings and 
levelling by a country ladder, the land is 
ready for sowing. Both line sowing and broad- 
cast sowing are used. Row spacing of 30 cen- 
timeters and plant spacings of 5 centimeters 
are maintained in line sowing. Production of 
soybeans without tillage operations, mainly 
after transplanted rice is harvested, is also 
very promising. There are three seasons for 
growing soybeans, a December and January plant- 
ing for commercial production, a September 
and October planting for seed and production 
purposes, and a July and August planting for 
producing seed. Eighty-five to 100 kilograms 
of seed per hectare are required for line 
sowing and 100 to 155 kilograms of seed are 
required for broadcast sowing. The crop ma- 
tures in 90 to 120 days, depending on the 
growing season and the varieties that were 
planted. Irrigation is required for December 
and January planting but is not needed during 
other growing seasons. Water is generally 
applied in the soybean field by flooding 


Abul Khair is Assistant Professor, Department of Irrigation and Water Management, Bangladesh 


Agricultural University, Mymensingh, Bangladesh. 
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(wetting the land surface). Other irrigation 
methods have not yet been introducted. 


Cropping Patterns 


Crop rotation is practiced in Bangladesh. 
The sequences that are followed to produce 
soybeans throughout the year are shown below. 


i) March-April rice--soybeans--vegetables 


ii) March-April rice--June-August rice-- 
soybeans 


iii) jute--soybeans--soybeans 


The suitability of intercropping soybeans 
needs further study, but the results of a 

few intercropping trials of soybeans with 
sugarcane, wheat, or rice are encouraging. 

In January, irrigation is necessary, but, 
during other seasons, irrigation is generally 
not needed. 


Varieties 


Three varieties of U.S. origin have been 
selected by the Bangladesh Coordinated Soy- 
bean Research Project after a large number of 
trials. These varieties are Davis, Bragg, and 
Lee-74. 


Fertilizers 


The following fertilizers are used for 
soybean cultivation: 20 kilograms of nitro- 
gen per hectare as urea, 60 kilograms of P205 
per hectare as triple superphosphate, and 40 
kilograms of K20 per hectare as muriate of 
potash. One-half of the urea and all of the 
triple superphosphate and muriate of potash 
are applied when the land is prepared for 
planting, and the balance of the urea is ap- 
plied four weeks after planting. 


Rhizobium 


Twenty-four strains of Rhtzobium japon- 
teum have been isolated and tested at three 
different stations. The test results are 
encouraging for three strains, but they are 
still in the experimental stage. The present 
rate of inoculation of NITRAGIN is 10 grams 
per kilogram of seeds. 
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Mechanization 


Except for a few cases, alljcultmma® 
practices are done with traditional imple- 
ments. Farm mechanization has not yet become 
popular because of cropping patterns, economic 
conditions, and cost. 


Irrigation 


The sources of irrigation water are 
canals, tanks, and tube-wells. Irrigation 
practices are carried out either by tradi- 
tional methods or by introducing low-lift 
pumps and tube-well irrigation projects. Ir- 
rigation water is applied in the field by 
flooding. Generally, two irrigations are 
needed for the January soybean planting, each 
with a depth of 6 to 8 centimeters sone Zomco 
30 days after planting and another immediately 
after flower-bud differentiation. Occasion- 
ally one more irrigation is needed during the 
pod-setting period if drought conditions oc- 
cur. For the early January planting, the 
soybean crop uses about 25.4 cemtimeters of 
water in Bangladesh. During the other sea- 
sons, irrigation is generally not needed; 
moreover, proper drainage is needed for July 
to August planting. 


Plant Protection 


Soybeans in this region are found to be 
infested by the following insects and diseases: 


Insects Diseases 

a) Anthracnose 

b) Bacterial pustule 
c) Foot and root rot 
d) Yellow mosaic 


a) Leaf roller 

b) Hairy caterpillar 
c) Aphid 

d) Meal moth 


The damage caused by insect infestation and 
disease is not serious. Two or three appli- 
cations of insecticides and fungicides are 
are required to control=the inseecee 


Seed Production 


The climate of Bangladesh favors the 
year-round production of soybeans. July and 
August and September and October plantings 
are generally used to growthe crops for seed. 
The Bangladesh Coordinated Soybean Research 
Project and the Mennonite Central Committee 


have undertaken some programs to produce 
seeds to distribute among the farmers. The 
viability of seeds is a major problem. Tra- 
ditional and modern seed storage methods have 
been tested. The traditional, local earthen- 
ware pot with a layer of soil was effective, 
although using double-layered polythelene 
bags or cold storage was more effective. 


Yields 


The average farmers' yield ranges from 
1,500 kilograms per hectare to 2,000. kilo- 
grams per hectare. At experiment stations 
under high-level management practices, the 
average yields range from 2,500 kilograms 
per hectare to 3,500 kilograms per hectare. 


Cost of Production 


Meepresent. tnerycost Of producing irri- 
gated soybeans is about U.S. $187 per hectare. 
For irrigated wheat the cost of production is 
U.S. $244 per hectare. The net return from 
producing soybeans is about U.S. $42 per hec- 
tare and the return from wheat is only U.S. 
$12.00. 


Constraints 


Soybeans are not yet widely grown in 
Bangladesh. Only about 12 percent of the 
total cultivable land is under irrigated ag- 
riculture, mainly to produce rice and wheat. 
Seed viability, the lack of irrigation facil- 
ities, and crop competition from wheat, mus- 
tard, and rice, are the major constraints in 
irrigated soybean production. 


Research Publications 


The Bangladesh Coordinated Soybean Re- 
search Project has been conducting research 
on various aspects of soybean introduction, 
cultivation, anduse since 1975. The research 
iseprescnted an the following reports: 


Annual Report, Bangladesh Coordinated Soy- 
bean Research Project, BARC, No. 1, 1975- 
1976. 


Annual Report, Bangladesh Coordinated Soy- 
bean Research Project, BARC, No. 2, 1976- 
1977. 


Annual Report, Bangladesh Coordinated Soy- 
bean Research Project, BARC, No. 3, 1977- 
LOS 


Annual Report, Bangladesh Coordinated Soy- 
bean Research Project, BARC, No. 4, 1978- 
1979. 


Soybean Research Abstract, Vol. 1, 1978. 


ORGANIZATION 


The organizations associated with the 
soybean development program are the Bangla- 
desh Coordinated Soybean Research Project, 
the Bangladesh Agricultural Development Cor- 
poration, the Directorate of Agriculture (Ex- 
tension and Management), and the Mennonite 
Central Committee. 

All of these organizations, except the 
Mennonite Central Committee, work under the 
Ministry of Agriculture. The Mennonite Cen- 
tral Committee is a foreign organization and 
works separately in introducing soybeans into 
Bangladesh as a food grain. 


Research Facilities 


The Bangladesh Coordinated Soybean Re- 
search Project was established to work in 
collaboration with the leading research in- 
stitutes of the country. Most of these in- 
stitutes have trained manpower and well- 
equipped laboratories to conduct research on 
various aspects of soybean production. 

The Bangladesh Coordinated Soybean Re- 
search Project is currently conducting re- 
search on irrigation practices and water man- 
agement with the following personnel and fa- 
Cole ross 


Level of Laboratory 
Personnel training facilities 
PeePrincipal er The laboratory 
Investigator Agri. facilities of the 
Engg., M. Bangladesh Agri- 
Engg. cultural Univer- 
sity are being 
used. The univer- 
sity has one field 
station and one 
20 ectentifie Re ooce irrigation labor- 
Officer Agri. atory that are not 
Engg. well equipped. 


The following personnel and facilities 
will be needed for the irrigated soybean pro- 
gram in the next ten years: 
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1. Two Principal Investigators (Ph.D. in 3. ‘Ten Pield Assistantse(S sou) 


Irrigation Engg.) 
In addition to the above personnel, the 


2. Five Investigators (M. Engg. in Irrigation project will need five well-equipped field 
Engineering) stations and one irrigation laboratory. 
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Irrigated Soybean Production in Colombia 


G. BASTIDAS RAMOS 


IN COLOMBIA, SOYBEANS ARE THE CROP that has 
received the most attention in recent years. 
Soybeans represent 14 percent of Colombia's 
edible oil production and 44 percent of its 
production of protein concentrates. Soybeans 
have also received attention because of their 
importance as a good source of protéin for 
human consumption, and they have been included 
in government nutrition programs. Ninety- 
eight percent of the crop is located in the 
Cauca River Valley, but there are also some 
areas where soybean production could be in- 
tensified, especially in the cotton-growing 
areas on the Atlantic coast and around the 
cities of Tolima and Huila. If soybeans are 
considered as an alternative toor a rotation 
crop with cotton, there are approximately 
100,000 hectares on the Atlantic coast and 
around 25,000 hectares in the Tolima-Huila 
area that are potential soybean-producing 
areas. These 125,000 hectares could easily 
yield 187,500 metric tons of soybeans, which 
would meet the domestic demand for soybean 
meal and partially cover the shortage of ed- 
ible 0il. Soybeans produced in Colombia are 
processed for oil and for soybean meal that 
is used in concentrates for livestock. Only 
2 percent of Colombia's soybean production 

is processed for human consumption. 


PRODUCTION 


Soybeans are a relatively new crop in 
Colombia. In 1960, there were 10,000 hectares 
of soybeans, yielding 1.5 metric tons per 
hectare. In recent years, the growing area 
has increased to 70,000 hectares with yields 
PrOMes. ctor) metricntons per hectare. 
These yields give Colombia the highest yield 
per unit areaof the countries with high yields 
of soybeans. 


TECHNOLOGY 


The soybean crop is one of the most 
specialized crops in Colombia. The seed 
varieties used have maturity periods of 100 
to 110 days, and, because of the climatic 
conditions of the area (average temperature 
Of -24 % iC e900 eto «lh n000 meters apove ssen 
level, 1,000 millimetersofraintall pen vear ); 
two crops are produced each year. The first 
crop is planted during March and early April 
and is harvested in June and July. The second 
crop is planted in September and early October 
and is harvested at the end of December and 
in early January. The second crop represents 
65 percent of the total annual production. 

Dise and .chisel, plows.are used :to.pre- 
pare the soil. Generally, one plowing (20 
centimeters deep) and two passes witha spring- 
tooth harrow are needed. The planting of 
soybeans is mechanized, both when soybeans 
are grown as a single crop and when they 
are grown in rotation with cotton, corn, and 
sorghum. In recent years, some double-cropping 
with sugar cane has been developed. Studies 
have been conducted on the seeding rate and 
its effect on growth and yield have been de- 
termined. Basedon experimental results, some 
specific recommendations have been made to 
soybean growers in the Cauca Valley. For the 
varieties Mandarin S4-ICA, Pelican SM-ICA, 
IGA Caribe, ,IGA,Libi? Victoria, and.sV-77 , 

60 centimeter rows and 70 kilograms of seed 
per hectare are recommended, and for the va- 
rieties Davis and ICA Tunia, 40 to 50 centi- 
meter rows and 80 to 100 kilograms of seed 
per hectare are recommended. In recent years, 
ICA Tunia and ICA Lili have been used on 90 
percent of the fields. These two varieties 
have been developed through crossbreeding 
and selection. The others are selected from 
varieties that have been imported from the 
United States. 


Gilberto Bastidas Ramos is National Coordinator for the Grain Legume and Annual Oilseeds Program, 
Instituto Colombiano Agropecuario (ICA), Palmira, Colombia. 
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Studies on natural rainfall needs have 
determined the required levels of moisture 
for soybeans for maximum yields. These levels 
have been taken into consideration in plan- 
ning for irrigation. These studies have shown 
that good yields are obtained with 470 milli- 
meters of water, distributed during the grow- 
ing and maturing periods. The area where 
soybeans are presently grown needs two to 
three supplemental irrigations of 20 to 30 
millimeters each. Thirty-five percent of this 
area is presently irrigated. Water sources 
for irrigation are deep wells and surface 
water. Sprinkler’systems are used to irrigate 
ther tre lds. 

Several fertilization trials have been 
done with major elements (nitrogen, phosphor- 
us, and potassium) and also with minor ele- 
ments (zinc, boron, copper, molybdenun, 
iron, and manganese). The results have shown 
no effect on yield if the soilis well managed 
(rotation, drainage, and so forth). In some 
areas, the application of 25 kilograms of 
nitrogen per hectare increases yields 300 
kilograms per hectare. The application of 
phosphorus in the southern area of the Cauca 
Valley has increased yields because of 
the acidity of the soil. ~Application “of mi- 
nor elements has also shown some response in 
several areas from using zinc. Under the 
conditions in the Cauca Valley, inoculants 
have not increased yields, which shows the 
good adaptation of the native varieties as 
compared with imported varieties. Weeds are 
controlled with herbicides that are applied 
preemergence, but postemergence herbicides 
were used. Cultivation and manual weeding 
are done once, approximately 20 to 35 days 
after emergence. 

All crop operations except harvesting 
are mechanized. Harvesting, which is done 
both manually and with machinery, represents 
95 percent of thé total labor needed to xpro- 
duce a crop. The manual-mechanized method 
is accomplished by pulling the plants by hand 
and grouping 8 to 10 rows in windrows or 
chorras that, in turn, are picked up by a 
combine that threshes and sacks the soybeans 
in one operation. Studies evaluating this 
method show a field loss of 250 to 400 kilo- 
grams per hectare compared with a field loss 
of only 100 to 150 kilograms per hectare when 
harvesting is done with a combine. 


DISEASES AND PESTS 


Sixteen different diseases that are 
caused by pathogenic microorganisms have been 
identified. The diseases that occur with the 
greatest frequency are root rots caused by 
Pythtum spp., Macrophomina phaseolina, Rht- 
zoctonta solant, Sclerotinta sclerotiorum, and 
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Fusartum spp.; mildew (Peronospora manchur- 
tea); purple blotch (Cercospora ktikuchtt) ; 
frogeye leaf spot (Cercospora sojina); bac- 
terial pustule (Xanthomonas phaseolts var. 
sojense); fire blight or bacteriosis (Pseudo- 
monas glyctnea); soybean mosaic; yellow mo- 
saic; micoplasm; gill nematode (Melotdogyne 
spp.); and reniform nematode (Rotylenchus 
spp.). However, these diseases are not con= 
sidered as limiting factors in soybean pro- 
duction. : 

Forty different species of insects and 
mites that are harmful to soybean plants have 
been identified in Colombia. Anttcarsta gem- 
matalits Hubner is the most serious insect 
problem. Occasionally, some attack on pods 
by Heltothis vtrescens (F) and chinch bug, 
Ptezodorus gutldinit (Westwood), have been 
experienced. The latter could become a prob- 
lem. Dry conditions and the presence of host 
weeds could favor infestations of Dtabrottca 
balteata Le Conte and Ceratoma ruficornis 
Oliver, which could become a problem during 
the first 20 days after soybean emergence. 

Insects that are considered to be of 
secondary importance in Colombia are: Hedy- 
lepta tndtcata (f), Pseudoplusta ineludens 
(Walker), Trtchoplusta nt (Hubner), Esttgmene 
acrea (Drury), and Semtothtsa abydata 
(Guenee), which are all foliage feeders. 
There are also mites (Tetranychus spp.), and 
some species of worms (Spodoptera spp., 
Agrotts ipstlon, and Conoserus spp.). In 
addition, there are some potential pests that 
could become a serious problem, especially 
because they are associated with disease. 
Sucking insects such as white fly, Bemitcta 
tabaet (Glennadius), cause yellow mosaic, and 
grasshoppers, Scaphytopius fultgtnosus 
(Osborn), cause leaf blotching. There are 
also grubs, Elasmopalpus ltgnosellus, that 
attack young plants and can cause serious 
crop losses, especially during dry periods 
and particularly on sandy soils. 


SEED PRODUCTION 


The Investigation Program is in charge of 
producing breeder seed. There is also the 
ICA (Columbian Agricultural Institute) Seed 
Certification Program that controls the 
dealers, the production, and the quality of 
certified seed soldto soybean growers. Cer- 
tified seed is produced and sold by one 
government-controlled company and six pri- 
vate companies. 


IRRIGATION FOR SOYBEAN PRODUCTION 


With supplementary irrigation, the 
average soybean yield in the Cauca Valley 


es 255>met rie tons per*hectare. The ICA 


Experimental Centers have obtained commercial 


yields of up to 2.8 metric tons per hectare 
with supplementary irrigation, and up to 3.8 
metric tons per hectare in experimental plots. 


Four metric tons per hectare is the potential 


average for the area that is presently pro- 
ducing soybeans. 


PRODUCTION COSTS 


Production costs per hectare are 22,000 
Colombian Pesos for soybeans, 25,000 pesos 
for corn, 18,000 pesos for sorghum, and 45,000 
pesos for cotton. These costs, and the price 
paid to the grower (18,000 Colombian Pesos 
per metric ton), make soybeans competitive 
compared with other crops. 


FACTORS THAT LIMIT PRODUCTION 


Although diseases are not considered a 
limiting factor in soybean production, re- 
search on disease resistance and the study 
of the diseases themselves should be increased. 
Management practices, such as the timing and 
application of supplementary irrigation and 
adequate harvesting methods, are still not 
well defined and these affect plant growth 
and yield. Land prices, soil preparation, 
and labor costs are also factors that affect 
production. The cost of the labor, which in 
some cases has increased by 150 percent, has 
had a great impact on production. Although 
commercialization does not present any par- 
ticular problems, domestic soybean demand is 
directly related to the production of meal 
and oil from other sources (vegetable and 
animal), which in turn depends on the demand 
for food concentrates for the production of 
eggs, meat, and milk. 


PUBLICATIONS OF THE GRAIN LEGUME AND 
ANNUAL OILSEEDS PROGRAM, INSTITUTO 
COLOMBIANO AGROPECUARIO (ICA), PALMIRA, 
COLOMBIA 


- Effects of population density of some 
agronomic and physiologic character- 
istics of three soybean genotypes un- 
der tropical conditions. 


- Foliage feeding insects in soybeans. 


- Soybean reaction to application of 
Tri-iodobenzoic acid. 


- Identification of physiological races 
of Peronospora manchurica (Naoum) 
found in the Cauca Valley and trial 
for variety resistance to soybean 
mildew. 


- Studies on yield stability of 16 soy- 
bean homozygous lines. 


- Production potential of various soy- 
bean genotypes under tropical condi- 
E1oOns. 


- Deflowering effects on behavior and 
productivity of soybeans. 


- Methods to estimate foliage area in 
two soybean varieties with different 
population densities at four stages 
of growth. 


- Interrelation of several agronomic 
characteristics of 20 soybean vari- 
eties. 


- Study on row width and density at 
planting in one medium size soybean 
variety conducted at the Palmira Na- 
tional Agriculture Investigation Cen- 
ter: 


- Effectiveness of some fungicides to 
control soybean mildew caused by 
Peronospera manehurtca (Naoum). 


- Breeding soybeans for tropical condi- 
tions. 


- Natural deflowering of soybean on the 
Cauca River Valley conditions. 


- Effect of plant population on yield 
components and other soybean charac- 
RETIStLess 


ORGANIZATION 


The Ministry of Agriculture as: the or- 
ganization responsible for the development 
of agriculture in Colombia. The Colombian 
Agricultural Institute, (ICA) which is ap- 
pointed by the Ministry of Agriculture, is 
the organization responsible for all agri- 
cultural research. Within the ICA there are 
various research programs such as the Grain 
and Annual Legume and Oilseed Program, which, 
in addition to soybeans, is responsible for 
beans (Phaseolus vulgaris, Vigna ungutculata, 
V. angularis, and V. radiata), peas (Pisum 
sattvum), peanuts (Archts hipogaea), sesame 
(Sesamum indicum), and sunflowers (Heltanthus 
annus). The programs are coordinated with 
the Soybean Growers Federation, processors, 
soybean seed producers, universities, and 
several government agencies on a national 
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Level, . Research 1s alsosdonesatatue anter- 
national level in cooperation with the In- 
ternational Soybean Program (INTSOY) and the 
International Center for Tropical Agriculture 
(CTAP I. 

Soybean research in Colombia is conducted 
at four experiment centers that are located 
at Palmira, Nataima, Turipana, and Hotilonia. 
These sites are representative of the present 
and potential soybean-producing areas. There 
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are also laboratories and screen houses for 
research in different fields. There are 12 
professionals presently working on research: 
one with a doctorate, four with master's de- 
grees, and seven with bachelor of science 
degrees in Agronomy. To continue adequate 
research in potential soybean-growing areas 
during the next 10 years, 20 research profes- 
sionals will be needed. Ten of them should 
specialize in different research disciplines. 


Irrigated Soybean Production in Egypt 


A.A. AZIZ, A.M. NASSIB, AND M.H. EL-SHERBEENY 


SOYBEANS (GLYCINE MAX L.), ONE OF THE WORLD'S 
oldest cultivated crops, are attracting atten- 
tion inmany areas inthe world. In Egypt, ex- 
perimental plantings of soybeans were started 
30 years ago; however, research activities have 
been intensified over the past 15 years, espe- 
cially inthe improvement of varieties and ag- 
ronomic techniques. The crop has been produced 
commercially in Egypt since 1974, when 1,713 
hectares of soybeans were grown, and the area 
under soybean production has increased 20 times 
in five years. During the same period, the 
average yield increased from 0.775 ton per hec- 
tare tOu..290) tonsiperrhectare (Table 1). In 
1978, about 51 percent of the total soybean 
acreage was prownein~ the Delta, 38 percent in 
Middle Egypt, .and 11 percent in Upper Egypt. 

Of the 12 soybean-producing governorates, 
Dakahlia, Gharbia, and Beheira in the Delta, 
and Minia and Beni-Suef in Middle Egypt had 
74.2 percent of the total planted acreage and 
produced 72.6 percent of the soybean crop. 
The highest average yields were recorded in 
the Gharbia, Menufia, and Beheira governor- 
ates with 3.06, 3.05, and 2.96 tons per hec- 
fare wrespectively. 

Soybeans are grown as a summer crop fol- 
lowing Berseem clover and other early winter 
crops such as broad beans, lentils, barley, 
onions, and other vegetables. It must compete 
for acreage with other summer crops, particu- 
laxtyecotton,, maize|,.and! rice. 

Soybeans are grown mainly for oil and 
meal. Soybean oil represents about 4 percent 
of the annual consumption of edible vegetable 
oils (340,000 tons) in Egypt, while cotton- 
seed oil supplies about 25 percent. The def- 
icit is made up by imported oil. All the 
soybean meal produced in Egypt is used for 
poultry feed and the country's requirements 
were almost met in 1978. 

A recent study showed that in 1978 the 
edible vegetable-oil requirements of Egypt 
were approximately 500,000 tons. Assuming 
that the production of cottonseed remained 
constant, and that the deficit in edible 


vegetable oil was met by soybean production, 
the crop acreage required, at a production 
level of 2.38 tons per hectare, would have 
been either 77,000 or 152,000 hectares de- 
pending on whether a 26.5 or 33.3 food secur- 
ity index* was targeted. 


DEVELOPMENT OF VARIETIES 


Egypt is located between latitudes 22° 
and 322) N and longitudes 24° and 3725. The 
elevation ranges from 132.5 meters at Aswan to 
1.5 meters at Damietta, on the Mediterranean. 
Egypt has warm, rainy winters and dry, hot 
summers that extend from April through Octo- 
ber. In the Delta, maximum temperatures are 
between 32° and 35° C and minimum tempera- 
tures are between 19° and 21° C. In Upper 
Egypt, maximum temperatures range from 36° 
to 42° C, while minimum temperatures are 
frome ce LOlZ bles 

The current varietal development program 
is based mainly on the systematic evaluation 
of soybean varieties from other countries. 
Through 1978, 99 varieties were of U.S. origin. 
About 200 varieties from Taiwan, India, China, 
the Philippine Islands, and Russia were tested 
but were not adapted to Egyptian conditions. 
Varieties from the U.S., which are sown at 
Giza (30° N) in mid-April, can be divided 
into five classes according to the date of 
maturity under Egyptian climatic conditions. 


Class A: varieties in groups 00, 0, and I 
that mature very early (80 to 100 
days) 

Class B: varieties in groups II, III, and 


IV that mature early (110 to 130 
days) 


*Proportion of needs supplied from domestic 


production. 


Ali Abdel Aziz is Head of the Legume Crops Section, Abdullah M, Nassib is a Research Agron— 
omist, and M.H. El-Sherbeeny is a Research Agronomist, Field Crop Research Institute, Agri- 


Cultural Research Center, Giza, Cairo, Egypt. 
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Class C: varieties in groups V and VI that 
have amedium maturity (140 to 150 
days). 

Class D: varieties in groups VII and VIII 
that mature late (160 to 180 days). 

Class E: varieties in group IX that mature 


very late (more than 190 days). 


Planting earlier or later than mid-April 
increases or decreases the periods of maturity. 

Very early varieties (Class A) and very 
late varieties (Class E) proved to be unpro- 
ductive and did not adapt. Advanced yield 
trials, which were confined only to classes 
B, C, and D, showed that the early maturing 
varieties of groups III and IV adapt best to 
Egyptian climatic conditions when grown dur- 
ing April. Having a short growing season, 
these varieties.fit into the intensive crop- 
ping system that is common in Egypt and re- 
quire minimal control measures against cotton 
leaf worm (Spodoptera ltttoralis Boisd), which 
attacks severely during late June through July, 
when the soybeans are maturing. 

Three short-season varieties, Clark, 
Williams, and Calland, produced high yields. 
All are being grown commercially at the pres- 
ent time. The yield data and agronomic char- 
acters for the best) early pertormers during 
the three-year period from 1976 to 1978 are 
presented in Table 2. 

Varieties in maturity groups V through 
VII have a prolonged growing period when 
planted late when compared with varieties in 
groups II through IV. The former varieties 
possess a high yield potential when planted 
after mid-May. The short growing period of 
early maturing varieties is detrimental to 
these varieties. Medium- and late-maturing 
varieties have a place in the rotation and 
are sown on considerable acreage after the 
wheat harvest. However, the high costs of 
controlling cotton leaf worm are a limiting 
factor in late sowing. Evolving resistant 
varieties against this pest is a measure that 
should be considered in the future. Among 
the medium- and late-maturing varieties, 
Forrest, Essex, Dare, Lee-68, and Ransom pro- 
duced high yields. 


Seed Production 


A program for maintaining and distribut- 
ing released varieties is being carried out. 
The Food Grain Legume Research Section of the 
Agricultural Research Centre takes care of 
the breeder's foundation and registered seed 
at the farms of the Ministry of Agriculture. 
The Seed Department, which is under the 
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Ministry of Agriculture, is responsible for 
producing, inspecting, testing, and distrib- 
uting certified seed) to farmers. 


PRODUCTION AGRONOMY 


Adaptive Soils 


Although the best soybean yields are on 
well-drained, deep, fertile loam soils, sat- 
isfactory results can be obtainedona fairly 
wide range of soils. However, sandy soils 
tend to dry out rapidly and are not recommended 
for soybean production. 


Seedbed Preparation 


A fine, firm seedbed is important to 
ensure uniform stands. Land preparation, 
which is two ploughings followed by two or 
more harrowings, is done with either tractors 
or animals. 


Sowing Methods 


Sowing is a critical operation in growing 
soybeans, andcrop failures canoften be traced 
back to errors inthe choice of sowing methods. 

In Egypt, three methods are used to sow 
soybeans. In the herati method, the soil is 
irrigated and a few days later the seeds are 
planted in moderately moist soil. This method 
produces a large, uniform stand. The seeds 
are planted in dry soil in the aftr method, 
and the soil is irrigated immediately after 
sowing. In the tmproved aftr method, the 
soil is irrigated to make it firm and left 
to dry for a fewedays. The! seeds areyplanted 
in the dry, firm soil, which is) irrigatedsi- 
mediately after sowing. Improved afir pro- 
duces better seedling emergence than afir but 
herati still» gives the best) results sume 
cases, the seeds are planted on ridges, either 
in hills or by drilling. The depth of eeding 
is an important consideration. Planting at a 
depth of 3 to 4 centimeters is ideal. Deeper 
planting has an adverse effect on the stand. 

The soil surface often crusts over be- 
tween planting and emergence, particularly 
in the calcareous soils of the newly reclaimed 
fields at Nubaria, which are 25 to 30 percent 
CaCO3. In areas where crust formation ad- 
versely affects germination and seedling 
emergence, seeding on ridges using the herati 
method, and irrigating lightly once or twice 
after planting at seven-day intervals has 
been effective. 


Rate of Seeding and Population Density 


Nearly all soybeans in Egypt are planted 
on ridges and require manual planting, weed- 
ing, furrow irrigation and other agronomic 
operations. 

Seeding rates between 30 and 40 kg/feddan* 
are practiced, giving a population of about 
140,000 plants per feddan (33 to 35 plants 
per square meter). This plant population is 
achieved by drilling at the recommended seed- 
ing rate on one side of the ridges, 60 centi- 
meters apart. 

Several row spacing experiments were 
conducted during the period from 1975 through 
1978. Row spacing treatments ranging from 
30 centimeters to 70 centimeters were inves- 
tigated. The level of significance among the 
treatments varied but the trends were similar 
during the entire period. Narrow spacing 
gave higher yields than wide spacing. In 
most of the experiments, where 35 centimeter 
and 60 centimeter row widths were studied, 
the narrow spacing produced significantly 
larger yields thanthe wide spacing (Table 5). 

Sultan (1978) obtained an increase in 
seed yield by increasing the rate of seeding 
up to 45 kg per feddan. Mohamed (1977) re- 
ported that decreasing the row width and the 
hill spacing and increasing the number of 
plants per hill significantly increased seed 
yield. 

Farmers are advisedto plant the soybeans 
Oner1dgesey 0 Centymeters apart, to drill on 
both sides of the ridge, and to use a seed 
rate of 40 to 45 kilograms per feddan. How- 
ever, the use of narrow rows means using her- 
Dilerces sto controleweeds since cultivation is 
difficult in narrow rows. 


Date of Sowing 


The planting date is considered to be 
one of the most critical cultural practices 
in the production of soybeans since it af- 
fects the length of the various stages of 
growth andthe amount of growth in each stage. 
However, the farmers plant soybeans over a 
period that extends from mid-March to late 
June, depending on when the fields of the 
preceeding crop had been harvested. 

Several studies have been carried out 
to investigate the optimum planting date, 
emphasizing the short-season varieties, 
(lark. Wallians, and Calland, that are cur- 
rently used in the area planted to soybeans 
in Egypt. 

The results indicate that the maximum 
yields were obtained from seeds sown during 


*One feddan equals 4,200 square meters. 


April. Planting soybeans later than mid- 
May resulted in a significant decrease in 
seed yield (Table 4). 

Recent studies on the effects of the 
date of planting on early to late-maturing 
varieties indicated that early maturing vari- 
eties (groups II, III, and IV) responded well 
to earlier planting dates while medium- and 
late-maturing varieties (groups V through VII) 
gave their highest yields when sown on May 15 
(Table 4). 

From previous studies and under the in- 
tensive cropping system of Egypt, planting 
short-season varieties during April can be 
considered as an effective and economic method 
for maximizing the yield of soybeans and for 
reducing the damage caused by cotton leaf 
worm. In addition, this method would reduce 
production costs and enable farmers to grow 
early hybrid corn, a late summer crop, after 
the soybeans are harvested. 


Water Management 


All soybeans in Egypt are grown under 
irrigation but the information available 
about the water requirements of soybeans is 
still scarce: ~At present’, about six inrriga- 
tions at 15-day intervals are recommended, 
but more soil moisture seems to be necessary. 
Recently, El-Wakeel (1979) studied the effect 
of different irrigation regimes on soybean 
production at the Bahteem Research Station, 
which has a loamy, clay soil. He concluded 
that the highest seed yield per unit area was 
obtained when irrigation took place at 40- 
percent depletion of available soil moisture. 
The next best results were obtained when ir- 
rigation took place at 60-percent depletion. 
Irrigation at 80-percent depletion of avail- 
able soil moisture resulted in the lowest 
yield. The three depletion levels were 
reached at one-, two-, and three-week irri- 
gation intervals. 


Fertilizer Use and Inoculation 


Egyptian soils are devoid of Rhizobium 
japonicum. In field experiments, nodulation 
can be ensured if the correct measures are 
taken. In farmers' fields, nodulation has 
been inconsistent and efforts are currently 
under way to correct this situation. 

At present, in the absence of success- 
ful root nodulation, 60 kilograms of nitro- 
gen per feddan, added as a side dressing in 
three doses at 15-day intervals after sowing, 
is recommended. This may not be adequate to 
get the highest soybean yields on soils that 
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lack Rhtzobta. Experimental results revealed 
that successful inoculation gives significant 
increases in seed yield, 100 seed weight, and 
harvest index; a high rate of nitrogen applied 
to inoculated plants produced insignificant 
increases in yield while leading to decreased 
nodulation. Uninoculated plants responded to 
nitrogen application. The responses were lin- 
ear up to 100 kilograms per feddan at Bahteem 
and up to 160 kilgorams per feddan at Nubaria 
(newly reclaimed soils), which suggests that 
an application of 100 to 160 kilograms of ni- 
trogen per feddan may have to be added to 
counteract the nodulation failure that fre- 
quently occurs. 

Phosphorus and potassium are the two 
fertilizer nutrients that have been recom- 
mended. They should be applied at the rates 
of 15 kilograms of P20s and 24 kilograms of 
K20: per feddan. ~ Both fertilizersrare usually 
broadcast during seedbed preparation. 


Weed Control 


Manual cultivation is the only method 
commonly used for controlling weeds. In 
order*to: Kkeepitherricidvclean,; cultivation 
must be repeatedmtwo or three times,.|” Culti-= 
vation should be shallow so that weed seeds 
are not brought to the surface and to avoid 
damaging the root system. 

A preplant-incorporated application of 
Treflan 48 percent or Corbex 25 percent or a 
preemergence application of Stomp 32 percent 
was effective in controlling a wide range of 
grasses and broadleaf weeds. 


Harvesting 


Seed yield was significantly increased 
by delaying the harvest until 95 percent of 
the pods were ripe. Earlier harvesting re- 
sulted in lower yields and inferior seed 
quality. 

The crop is generally harvested by hand 
and threshed with flails or sleds dragged 
through the harvested soybeans by oxen or 
tractors, but in some cases stationary 
threshers powered by gasoline motors are 
used. Even on large farms in the newly re- 
laimed lands, soybeans are cut by hand and 
carried to stationary combines or threshers. 


Intercropping 


Intercropping soybeans with corn, sorghum, 
cotton, or sugarcane may be of considerable 
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importance in expanding the acreage of soy- 
beans under the intensive cropping system of 
Egypt. 

Several studies were carried out on 
intercropping soybeans with corn. The re- 
sults indicated that the yield of prainpcom 
and soybean seed were generally decreased by 
intercropping when compared with solid plant- 
ings from each crop. On the othe hand ye the 
yield of grain corn and soybean seed under 
different intercropping systems resulted in 
different increases ranging from 10 to 32 
percent per unit area, over the solid plant- 
ings of each crop. However, intercropping 
soybeans is still in the experimental stage. 
The practice is not yet common among farmers. 


Diseases and Insects 


A large number of fungi, including 
Pythium spp., Fusarium spp., Rhtzoctonta 
spp., and Macrophomtna spp., attack germinat- 
ing seeds and seedlings and cause a loss in 
stand. Treating seed with fungicides protects 
the seedlings from rots and results in improved 
stands. 

Cotton leaf worm (Spodoptera itttoralts 
Boisd) and common red spider (Tetragehus 
telartus L.) are the two major pests that 
affect soybeans in Egypt. The two pests can 
be controlled by the proper timing of insec- 
ticides. Cutworm, greenbug, bean fly, and 
mole crickets also infest the crop but are 
of minor importance. 


Economics of Crop Production 


Under an intensive cropping system, 
farmers can grow two or three crops per cal- 
endar year. The average cropping ratio is 
1.9. Most materials for agricultural pro- 
duction are supplied to the farmers at sub- 
sidized rates. Meanwhile, the farmers' 
prices for major crops are determined by the 
government. The farm price offered for soy- 
beans as) Lb) 200%) perston: 

Net returns from soybeans alone or in an 
annual rotation (Table 7) are higher than for 
any other crop or rotation. 

A farmer growing Berseem clover in the 
winter (two cuts), then soybeans and, late 
in the summer, planting early hybrid corn, 
can receive a net return of a relative value 
of 100 percent compared with 58.29 percent 
for a rotation of clover and cotton, 57.42 
percent for clover and corn, and 21.22 °per- 
cent fonewheate and *corn: 


*L.E. (Egyptian pound) equals $1.42. 


PRODUCTION CONSTRAINTS 


1. Damage from cotton leaf worm is probably 
the most serious limiting factor. 


2. Achieving adequate nodulation is incon- 
Sastent. 


3. The development of more efficient and 
productive soybean varieties that are re- 
sistant to feeding by cotton leaf worm 
is necessary. 


4. Adequate farm machinery necessary for 
timely land preparation, weeding, and har- 
vesting is lacking. 


5. Competition for land with the other sum- 
mer crops restricts the area where soy- 
beans can be grown, especially in estab- 
lished growing areas. Major production 
should come from new lands. Investigat- 
ing soil problems, developing adapted 
varieties, and adopting a mechanized 
farming system and production technology 
appropriate to these lands are of major 
importance. 


ORGANIZATION 


A soybean national development program 
has been undertaken by the Ministry of Agri- 
culture. Research on problems relating di- 
rectly to the farmers is carried out in the 
institutes of the Agricultural Research Cen- 
tre, through coordination between different 
disciplines, for example, food legume breed- 
ing and agronomy, plant nutrition, soil mi- 
crobiology, plant pathology, entomology, 
water requirements, and weed control. The 
Extension Service of the Ministry of Agricul- 
tiire brings the results of this research to 
farmers in the form of recommendations for 
better cultural practices. The Seed Depart- 
ment in the same ministry is concerned with 
the production and distribution of certified 
seed. 

A soybean council (Ministry of Agricul- 
ture) has been operating since 1972. The 
main responsibilities of this council are 
suggesting national policy and planning the 
development of soybean production and use in 
Egypt. 

The professors and graduate students in 
the faculties of agriculture at various uni- 
versities and the staff of the National Re- 
search Centre frequently contribute to ap- 
plied research on soybeans. 

The Agricultural Research Centre has its 
central experiment station at Giza. Ten 
substations with field equipment, routine 


fields, and laboratory supplies are located 
in the major agronomic zones. At the present 
time, the staff working on soybean research 
consists of 6 staff members with Ph.D. de- 
grees, 8 with M.Sc. degrees, and 15 with 
B.Sc. degrees: 

Training in the fields of agronomy, 
breeding, and the inoculation of soybeans 
with Rhtzobtum will be required at the M.Sc. 
and Ph.D. levels during the next 10 years. 
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Table 2. Average Seed Yield (tons per hectare) and Other Agronomic Characters of the Six Top- 
Yielding, Early Maturing Varieties Compared with the Check Variety, Harosoy 


Yield (tons/ha) Agronomic characters 
Plant 
Days to height 100-seed 
Variety 1976 1977 1978 Mean flowering maturity (cm) weight 
Columbus Vn ACTS 5 TD 7 3u055 44 128 84.20 14.98 
Calland 1.867 4.134 3.342 Sg Jee! 42 118 16.70 ING ye FAS 
Clark 2.336 Boe 4 Wee 3.051 44 120 80855 ler4as 
Williams 2245 Seale] 3.002 2.888 42 116 68.25 I yess 
Bonus 1.838 3.849 2.859 2.848 44 119 82,50 Moje SS 
Cutler 2.085 3.546 2.846 2.802 43 eal 88.75 16.83 
Harosoy 1.649 Sees 2.497 2.456 42 110 65.15 1S 43 


Note: The results in the table represent combined data of different locations in the differ- 
ent years. 


Table 3. Effect of Planting Date on Seed Yield of Four Farly Maturing Varieties 
of Soybean (Summary of 1977 and 1978 Results) 


Planting Yield (tons/ha) 
date Clark Calland Williams Columbus Mean 

Mar. 15 3.294 1.976 eA Bt 1.704 2.006 
Apr 3.409 2.049 3.919 1 hse Za8 
Apr. 15 Sole 1.860 5, 509 Ree: 3.142 
May 1 57005 2.014 2.995 2.804 2ctel 
May 15 2.880 Near ire) 32055 2.652 2.586 
June 1 DOL 1.446 22504 1.886 bn Lod 


Table 4. Average Yield (tons per hectare) and Days to Maturity of Soybean Varieties in Maturity 
Groups as Affected by Planting Date, Giza, 1977 


Maturity Number of Yield (tons/ha) Days to maturity 
group varieties Ma Gaselo Apueelo May 15 Mar: 15 Apr: 915 May 15 
I and II 6 2.970 3.856 2.780 11 110 103 
III and IV 8 3.746 4.802 5. 21S 134 123 116 
V and VI 5 52067 3.078 4.180 176 168 142 
VII 5 Lea, T7355 ee 188 179 158 


Table 5. Effect of Row Spacing on Seed Yield of Four Early Maturing Varieties of Soybeans 
(Average 1977 and 1978 Seasons) 


Row Population 
spacing density Yield (tons/ha) 
(centimeters) (square meters) Clark Williams Calland Columbus Mean 
35 500tO 55 pp aca 3.544 2.248 Rey dow | Stloo 
60 S08toe 35 3.063 2.041 1.945 3.065 20920 
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Table 6. Comparative Returns and Costs of Alternative Annual Crop Rotations Based on 1977 
Costs and Prices (L.E)* 


Percent of 


Crop Production Net return soybean 

Wheat S190 75.80 Lo. DO 
Corn 934 17 7D 097 22220 

Total 38.30 EMM 
Catch crop 

clover 66.96 eS eerie, Obra 
Cotton 176.62 1222.60 54.02 

Total TOS 12 58729 
Full-term 

clover 1555.02 Soon 81.41 
Corn Cease 10.97 PE IAPAD 

Total 103.61 5.42 
Lentils 92.68 69.00 25008 
Corn Shen FAO es Mi 22.20 

Total 45.88 ZZ 
Clover 

(2 cuts) 66.96 152449 Sao 
Soybean 200.00 90.00 110.00 
Early hybrid 

corn 87479 635,52 Lovee 

Total 180.44 100 


*L.E. (Egyptian pound) equals $1.42. 
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Irrigated Soybean Production in Ethiopia 


A. MENGISTU 


IN ETHIOPIA EMPHASIS IS NOW BEING GIVEN to 
the cultivation of protein rich crops. Soy- 
beans (Glyctne max (L.) Merr.) are one of 
these crops and have been given a high 
priority. 

Soybeans were first introduced into 
Ethiopia in 1950 but trials were discon- 
tinued because yields were low. With the 
introduction of high yielding cultivars in 
the 1970's, new interest was generated. 
Many of the new cultivars introduced into 
Ethiopia have come from Europe and the 
United States. The cultivation of soybeans 
has become important because: 


1. Soybeans contain a higher percent- 
age of protein and oil than other 
pulse crops grown in Ethiopia and 
can be used to upgrade the peas- 
ants' diet; 


2. Soybeans grown in Ethiopia can re- 
duce the amount of soybean flour 
now imported for the making of 
Ufarta ilarchaldren"s toodje 


3. Ethiopia may be ableto export soy- 
beans if they can be sucessfully 
grown. 

At present about 2,000 hectares of land 
are under production by the State Farms De- 
velopment Authority, which is only 10 per- 
cent of the amount required by the Ethio- 
pian Nutrition Institute (ENI). 

In Ethiopia, the Ethiopian Nutrition 
Institute's supplementary food program is 
the sole user of soybeans. Processing ma- 
chinery in now available and the processing 
of soy flour has begun, which will undoubt- 
edly increase the demand for locally pro- 
duced soybeans. 

Efforts are being made to introduce 
soybeans into the diet of the farmers 
through women extension agents. Farmers' 
wives are being taught how to prepare soy- 
beans and to fit them into the local diet 
and food habits. . 


Soybeans are better adapted to a sandy loam 
soil than a black clay soil because light 
soil provides better drainage and is more 
easily cultivated than black clay soil. In 
the production fields, sowing is done by 
broadcasting the seeds by hand at the rate 
of 70 kilograms per hectare. Yields obtained 
from these fields are usually from 1 to 1.3 
metric tons per hectare. The best yielding 
varieties are Davis, Coker 240, and Protana, 
which give yields of 37, 32, and 30 quintals 
per hectare, respectively, under experimen- 
tal conditions. The planting of soybeans 
begins in early June and they mature in about 130 
days at altitudes of 1,250 to 1,400 meters. 
At this altitude yields per hectare are 
higher and maturationis shorter than for soy- 
beans grown above 1,600 meters. It takes from 
140 to 160 days, depending on the variety, 
for soybean cultivars to mature at 1,860 
meters. Didessa at 1,300 meters and Anger 
Gutin at 1,400 meters, both located in west- 
ern Ethiopia, have been found to be the best 
locations for soybean production. Moisture 
during the vegetation period in these areas 
is about 1,000 millimeters and no supple- 
mental irrigation is needed. With large 
scale production, threshing has been done 
by running a tractor over heaps of harvested 
beans. 

Studies of inoculation with Rhizobtun 
bacteria conducted about five years ago did 
not show a significant effect on yield. How- 
ever, we are now cooperating with INTSOY to 
the evaluate the status of soybean nodula- 
tion to determine whether inoculating soy- 
beans with Rhizobtun japontcun is essential 
or whether this bacterial strain is present 
in the soil. Applications of P20, at plant— 
ing using 40 to 50 kilograms per hectare has 
shown very good results where soil phospho- 
rus is low. A spacing of 40 centimeters be- 
tween rows and a seeding rate of 70 kilo- 
grams per hectare have been found to give 
good stands and high yields. 


Alema Mengistu is Plant Pathologist, Debre Zeit Agricultural College and Research Center, 


Debre Zeit, Ethiopia. 
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Only a few reports have been recorded of 
soybean diseases in Ethiopia. The first report 
of soybean disease was made by Stewart in 
1957. He reported a leaf spot, Pyrenochaeta 
glyctnes. Other disease-causing fungi and 
bacteria found to be associated with soybeans 
are Ascochyta spp, Macrophomtna phasealtna, 
Mycosphaerella cruenta, Pseudomonas glycinea, 
Xanthamonas phasedt, Perenospora manchurtica, 
Cercospora kukucht, soybean mosaic virus, 
Dtaporthe phaseolorum var sojae, and several 
seed-borne pathogens. Of all these diseases, 
Pseudomonas glyctnea, the causal organism of 
bacterial blight, has been found to be the 


most serious, yield-limiting factor and our 
varietal screening is concentrated on select- 
ing lines resistant to this disease. 


Insect pests are not a problem at pres- 
ent. However, pests like spider mites and 
cutworms have been reported. 


The possibilities of growing soybean 
under irrigated conditions are great, es- 
pecially in the Awash River Valley. Here the 
major crop is cotton, which is irrigated. 
Soybeans can be produced here in rotation 
with cotton. 
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Irrigated Soybean Production in Sri Lanka 


H. GAMAGE 


SOYBEANS WERE FIRST INTRODUCED TO SRI LANKA 
a few decades ago, but only became a prior- 
ityvcrop in’ the early 1970's." Research con- 
ducted so far has shown that soybeans can 

be grown successfully inthe dry zone and the 
intermediate zone of the country under both 
rain-fed and irrigated conditions. In these 
zones, soybeans are grown as a monoculture. 
In the wet zone, soybeans are intercropped 
with coconut. Excess rainfall in the wet 
zone has been a limitation in profitable 
soybean cultivation. 


Soybean foods are foreign to Sri Lankans. 


Successful development of foods made from 
soybeans that suit the local palate will en- 
hance the demand for soybeans and farmers' 
interest in growing the crop. 


PRODUCTION TECHNOLOGY 


Area Under Soybean Production 


The area brought under soybean culti- 
vation and production in Sri Lanka from 1974 
to 1978-15 shown im, Jabiesl., One year's 
production includes soybeans grown in both 
the Maha (wet season) and the Yala (dry sea- 
son). Approximately two thirds of the hec- 
tarage each year is grown in the Maha and 
one: Thirdsins thea olde 


Table 1. Annual Production of Soybeans in 
Sri Lanka 
Area Production 
Year in hectares in metric tons 
1974 1,293 980 
1975 ee 2a Ihg USS 
1976 7A 615 
1977 LOO 1,098 
1978 1,903 2,426 


Cultural Practices and Cropping Patterns 


Timing is a prerequisite for success- 
ful soybean cultivation in the dry and in- 
termediate zones. Land preparation for rain- 
fed soybean cultivation has to begin imme- 
diately after the few showers that occur in 
late September. There is a short dryesper 
of two to three weeks after these rains when 
land preparation can be carried *outy wine 
availability of sufficient power to work the 
soil during such a short period is the main 
limiting factor in land preparation, which 
must be carried out when the soil is at the 
right moisture level. The reddish brown 
earth that covers the major part of the dry 
and intermediate zones has a very narrow 
moisture range for successful planting. The 
soil is sticky when wet and very hard when dry. 

The land is worked to a good tilth with 
animal or tractor-drawn implements. If trac- 
tor power is not available, the ordinary 
country plough, drawn by water buffalo, is 
the commonly used implement for tilling the 
soil. The spiked-tooth tinetiller 1s used 
with the tractor. After leveling, planting 
is done in flat or furrowed basins. Water 
stagnation in low pockets is a common pro- 
blem in the flat basin system. Making fur- 
rows constructed between the rows at the time 
of the first weeding eliminates this problem. 

Even though the furrowed basin method 
provides better drainage, it is more labor 
intensive than the flat basin method because 
of the extra labor used in constructing fur- 
rows and the difficulty of weeding on the 
ridges. 

Of the commonly grown soybean varieties, 
an average of 70 to 90 kilograms per hectare 
are used for planting. The optimum plant den- 
sity is about 450,000 plants per hectare. 

The recommended spacing is 45 centimeters 
between rows and 5 to 7 centimeters within 
the row at a seeding depth of 3to 4 centimeters. 


Henry Gamage is Subject Matter Specialist in Soil and Water Management, Education and Train- 
ing Division, Department of Agriculture, Maha Illuppallama, Sri Lanka. 
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Varieties and Fertilizer Used 


Varieties used in commercial production 


have been introduced from other countries. 
The varieties Pb-1, Bossier, Improved Peli- 


can, Davis, Hardee, and SJ-2 have been grown. 


Pb-1 is more popular than the other varie- 
Tiles because it has superior seed quality, 
A basal application of fertilizer con- 
sisting of 22 kilograms per hectare of ni- 
trogen in the form of ammonium sulfate, 67 
kilograms per hectare of phosphorus in the 


form of superphosphate, and 45 kilograms per 


hectare of potassium in the form of muriate 
of potash is recommended and commonly used. 
Two topdressings of nitrogen three and six 


weeks after planting at the rate of 60 kilo- 


grams per hectare of ammonium sulfate are 
applied when the seeds have not been inocu- 
lated. The inoculated seeds need only the 
basal application referred to above. 
Imported NITRAGIN is the only inoculum 
used and is highly effective under local 
conditions. The Sri Lanka Soybean Develop- 
ment Project is interested in producing in- 
oculum locally, but finding a suitable lo- 
Cateraw Material to culture the rhizobia 
remains a problem. Coconut shell powder 
Wsepcine -testecd asea possible carrier. 


Irrigation 


Soybeans have been recommended for well- 


drained soils on irrigated land where the 
natural water table is deep, but only a few 
farmers choose soybeans instead of rice. In 


the Maha season (October to February), irri- 


gation water is supplied to supplement the 
rainfall during short dry spells. During 
this season, adequate drainage facilities 
must be provided. To overcome this prob- 
lem, the furrowed basin system is recom- 
mended. Soybeans are grown in Yala (March 


to July) only under irrigation. Yala plant- 


ings are made from mid-April to early May. 
On well-developed land, furrow irri- 
gation has been practiced. Furrow lengths 
of 150 to 200 feet are recommended on a 0.4 
pereent slope for stream<sizes of 10 to 15 
gallons per minute. On moderately well- 


developed land, flat or furrowed basin irri- 


gation is recommended. Basin irrigation is 


commonly practiced when soybeans are planted 


in paddy fields in the Yala season. On the 
reddish brown earth on the dry zone, soy- 
beans have been grown successfully on well- 
drained and poorly drained soils. However, 
the yields on poorly drained soils are not 
attractive. When compared with other pulse 
crops, soybeans have performed well on both 
types of soil (Table 2). 


Table 2. Yield Performance of Crops on Well- 


Drained and Poorly Drained Soils 


Well-drained 
Crop soils soils 


ktlograms per hectare 


Soybeans 933 730 
Ground nut O13 234 
Black gram 748 561 
Green gram 885 


Soybeans are irrigated at 75 percent 
depletion of available moisture on well- 
drained land. Water is applied once every 
4 to 5 days during the first month and once 
inyy to-10 daysutherecaften, sThessoilsis 
wetted Isto 2.feet, inethestarstanonth and 
and increased to 3 feet afterwards. The 
peak consumption per day is about 7 milli- 
meters. If the crop is irrigated, about 10 
irrigations are required. On well-drained 
land, the water requirement is 70 to 80 
centimeters. The plants must not be ex- 
posed to severe stress during the flowering 
and bean-filling stages. Moisture stress 
can result in flower abortion and unfilled, 
shrivélled seeds. Yield reductions. can be 
as LOW 13S. Ge tO. LU spercente. 


Plant Protection 


No serious outbreaks of insect pests 
or diseases have been recorded. Yellow mo- 
saic virus, soybean mosaic virus, purple 
seed stain, and bacterial pustule are pres- 
ent but not serious. 


Seed Production 


The government's seed-production pro- 
gram has been organized as follows. The 
regional research stations produce breeder 
seed. This seed is turned over to the gov- 
ernment seed farms, which are managed by 
the Department of Agriculture, to produce 
foundation seed. Foundation seed is sup- 
plied to certified seed growers through the 
extension division of the Department of Ag- 
riculture. The seed-production target for 
1978-79 (Maha and Yala) was 284,000 kg. 
Government seed-production farms have been 
equipped with seed-processing plants and 
storage facilities. Seed certification is 
carried out by two state-owned seed labora- 
tories. The viability of seeds can be ade- 
quately maintained because Sri Lanka has 


two growing seasons. Seed from one season can 


be planted in the next season. 


Led 


Poorly drained 


Yields with Irrigated Soybeans 


Frequently irrigated soybeans yield al- 
most twice as much as rain-fed crops. Under 
research station conditions, a rain-fed crop 
yields 2,500 to 2,750 kilograms per hectare 
while an irrigated crop produces 4,000 to 
4,200 kilograms per hectare. In the far- 
mer's fields, a rain-fed crop averages 
1,100 to 1,700 kilograms per hectare, and 
an irrigated crop yields 2,250 to 2,850 
kilograms per hectare. Whether irrigated 
or rain-fed, soybeans yield more than all 
other legume crops. 


Cost of Production 


The cost of production has increased 
rapidly during the last few years. In 1973, ithe 
cost of production was about Rs. 1,500 per 
hectare! whereas the present cost is about 
Rs. 3,000 per hectare.2 The increased cost 
of production is offset by the higher price 
offered for the soybeans; therefore, the in- 
creased cost of production is not a con- 
straint to yLne tarmer. -inglos> the price 
of soybeans was Rs. 2.00 per kilogram (Rs. 
.90 per pound) but the government now offers 
Rs. 5.50 per kilogram (Ks-' 2.50" per pound). 


Constraints 


The major constraints in irrigated soy- 
bean cultivation in Sri Lanka are not agro- 
nomic. Constraints are from poor marketing 
facilities. Compared with other legume 
crops, soybeans are the easiest to grow with 
fewer problems from pests and diseases. Soy- 
beans grow well on all types of soil. How- 
ever, soybean foods are foreign to Sri Lan- 
kans. To eStablish a true andi steady price 
for this commodity, either soybeans must find 
a market outside Sri Lanka or the Sri Lan- 
kans must be persuaded to use soybeans as 
a supplement for their present food supplies. 
To include soybeans in our normal diet is 
not easy. The traditional foods made from 
soybeans that are associated with the use 
of bacteria and fungi (fermented foods) do 
not appeal to Sri Lankans, but foods accept- 
able to the local palate are being developed. 


tequalled Soe00oIn 19735 dollars. 
2Equalled $15.50 in 1979 dollars. 
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A Soybean Foods Research Centre, for research 
and product development, has been established 
by the Department of Agriculture. 


ORGANIZATION 


Structure 


The promotion of soybeans in Sri Lanka 
began in 1973 by the Department of Agricul- 
ture, Ministry of Agricultural Development 
and Research, in the collaboration with the 
International Soybean Program (INTSOY). 

Sine 1975, the programs has been assisted 

by UNDP, FAO, CARE, and UNICEF. The soy- 

bean program in Sri Lanka has been named 

the Sri Lanka Soybean Development Programme. 
This organization has been responsible for 
the development of a balanced soybean in- 
dustry including production, marketing, 
processing, and use. The research component 
consists of agronomic practices such as weed, 
insect, and disease control; water management; 
and soy-based food processing for local con- 
sumption. The Sri Lanka Soybean Development 
Programme has established a Soybean Foods 
Research Centre that is involved in research, 
product development, training, extension, and 
demonstrations at the home, village, and 
commercial levels. 

A soybean committee in the Department 
of Agriculture provides policy guidance and 
program review. 

Recently, the government appointed a 
National Soybean Committee, which is an in- 
terministerial body with participation from 
the private sector, to determine the national 
policy on soybeans and to study all matters 
connected with the production, processing, 
pricing, and marketing of this commodity. 


Research Facilities 


Forty-two part- and full-time soybean 
workers constitute the Sri Lankan staff under 
the leadership of a soybean coordinator. Two 
INTSOY staff members reside in Sri Lanka. Short- 
term consultants provide additional support. 
Production research is conducted at two main 
research stations and up to eight substations. 
As previously indicated, the Soybean Foods 
Research Centre is an excellent facility for 
processing and using soybeans. 


Irrigated Soybean Production 
in the Sudan 


O. A. A. AGEEB AND F.M. KHALIFA 


SUDAN LIES BETWEEN latitudes 4° and 22°N 
and longitudes 22° and 38°E and has an area 
of about 2.5 million square kilometers--8.3 
percent of the area of Africa. The popula- 
tion of the Sudan was about 17.5 million in 
1973. Ninety percent of the working popu- 
lation (estimated at 6 million) are involved 
in agricultural production and animal hus- 
bandry. The cultivable land is estimated at 
e4smzilion hectares, but only 10 percent is 
being used. The irrigated area is 1.7 mil- 
tion hectares; the rest is rain-fed. 

The region of greatest agricultural ac- 
tivity lies between latitudes 10° and 16°N 
with rainfall ranging from 150 millimeters 
at the northern boundary to 750 millimeters 
at the southern boundary. The rainy season 
is) trom, July to September. The soils in 
this area are heavy, cracking montmorillon- 
ite clays, very low in organic matter and 
nitrogen, with a pH of 9. 

Soybeans are not yet a commercial or a 
peasant crop in the Sudan. Research work is 
being done to establish the crop in the 
field inorder tofind its potential eco- 
nomic importance. Physically, the Sudan, 
with its enormous agricultural resources, 
has great potential for growing soybeans. 
Plenty of unused, agriculturally suitable 
land is available that could be easily de- 
veloped under irrigation and rain-fed con- 
ditions. 

The river Nile and its tributaries are 
the main sources of irrigation. The Sudan 
has not fully used its share of the Nile 
water, which could be used to double the 
present irrigated area. Canals are used for 
irrigation, which make use of the flatness 
and gentle slope of the land. 

Soybean development in the existing ir- 

rigated schemes could only take place at the 
expense of another crop in the rotation. 
The fallow land in the Gezira rotation can- 
not presently be cropped because the canals 
now carry their fullcapacity of water to the 
existing cropping pattern; the canals can 


only irrigate 0.42 million hectares at one 
time. Wheat is becoming a strategic and im- 
portant food but the Sudan is not yet self- 
sufficient. Cotton and groundnuts are ex- 
port crops and bring inneeded hard currency. 
On the other hand, sorghum, which can be 
cheaply and plentifully produced under rain- 
fed conditions, could be replaced by soybeans 
if farmers are convinced that planting soy- 
beans 1S in their interest. The growing area 
of sorghum is 150,000 hectares. 

The Sudan is a large exporter of vege- 
table oil and 011 seeds. Soybeans are 
looked on by planters as a crop for the fu- 
ture when diversifying crop production for 
Sxpel cy 


PRODUCTION TECHNOLOGY 


Serious research in producing soybeans 
began seven years ago with varietal intro- 
ductions from the U.S.A.- and by the parti- 
cipation of the Sudan in the cooperative 
INTSOY varietal testing program. The fol- 
lowing is a brief account of some research 
findings. 


Varietal Testing 


Soybean varieties were tested at 
the Gezira Research Station, Wad Medani, 
between 1973 and I977 (Sali, 1977)... Tie 
best yields were from Semmes and Williams, 
with Hardee as a close second (Table 1). 

ISVEX trials were conducted at Wad Me- 
dani and Abu Naama in 1978. The best yield 
at Wad Medani was from Hardee LS (2.7 tons 
per hectare) followed by Jupiter and UFV-1, 
while at Abu Naama, UFV-1 ranked first fol- 
lowed by Caribe and Cobb (Table 2). The 
grain yields at Wad Medani were more than 
double those at Abu Naama, which could be 
the result of late sowing at Abu Naama. 

Work is progressing to find the varie- 
ties that are best adapted and have good 
agronomic characters. 


Osman A.A. Ageeb is Senior Agronomist (Soybean) at the Gezira Research Station, Wad Medani, 
Sudan, and Fathi M. Khalifa is an Agronomist (Oil Crops) at Kenana Research Station, Abu 


Naama, Sudan. 
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Seeding Time 


Field trials at Abu Naama and Wad Me- 
dani indicated that early sowing in late 
May and early June resulted in better yields 
than later sowing (Table 3). At Abu Naama, 
the best yield resulted from the earliest 
sowing date (June 15) while at Wad Medani 
the optimum sowing date seemed to be between 
May 22 and June 5. 


Plant Spacing, Row Spacing, and Seeding Rate 


At Abu Naama and Wad Medani, the best 
row spacing was found to be the 60 centi- 


meters used at Wad Medani (Table 4a). At Abu 


Naama, the best plant spacing was 5 centi- 
meters (Table 4b). At Wad Medani, the op- 
timum seeding rate seemed to be about 70 
kilograms per hectare: (Table 4c). Grain 
yield nearly doubled, increasing the seed 
rate from 23.8 to 71.4 kilograms per hec- 
tare. There was little or novincrease im 
yield with higher rates up to the highest 
lével ‘tested (190 kilograms per hectare): 


Fertilization and Inoculation 


The clay soils of central Sudan are 
low in organic matter and nitrogen, have 
plenty of potassium, and are low in avail- 
able phosphorus. All nonnodulating crops 
have a high response to nitrogen, no re- 
sponse to potassium, and an occasional re- 
sponse to phosphorus. 

Field trials at Abu Naama and Wad Me- 
dani showed that soybeans had a high re- 
sponse to an application of nitrogen and to 
Rhizobtum inoculation (Table 5a). Rhtzobtum 
inoculation resulted in a yield comparable 
to the application of 86 kilograms of nitro- 
gen per hectare. An experiment. on) therrate 
of the commercial inoculum, NITRAGIN, on the 
grain yield of soybeans showed that for the 
granular form, the optimum rate was 5.56 
kilograms per hectare, and for the powder, 
applications of 4 grams per kilogram of 
seed gave the highest. yield. (Table. 5b). 

There is no local production of Rhtzo- 
btum japonteum inoculants, therefore the 
inoculum has to be imported. 


Irrigation 


The irrigation source is the Nile and 
the method of irrigation is surface flow. 
Research has not started on the water re- 
quirements of soybeans but will very soon. 
The water requirements of groundnuts, which 
are grown inthe same season as soybeans and 
have a similar growing season (mid-June to 
October 10), is 590 millimeters (Fadle, 
1976-77). Groundnuts are watered at inter- 
vals of 14 days. 
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Plant Protection 


Bacterial pustule is the major disease 
in the field. Screening work 1s in progres. 
in the pathology section to select varreties 
that are tolerant, to disease. Blisterspee= 
tle (Epteanta aethiops) is the major insect, 
causing great damage to the plant from the 
seedling stage to the reproductive stage, 
but it can be easily controlled by Chemi= 
cals. The beetles feed on the epidemmieuon 
the leaves and skeletonize them) tnersq.. 
sects of importance are the Egyptianmiea. 
worm (Spodoptera ltttoralts), and the Amer- 
ican bollworm (Heltothts armtgera). 


ORGANIZATION 


The soybean development program is 
under the Ministry of Agriculture and soy- 
beans are considered to be an ;oli@evan: 
however, no definite program has begun to 
promote the crop under irrigation. Recent- 
ly, the World Bank furnished a loan to the 
Mechanized Farming Corporation to promote 
the crop under rain-fed conditions: 


Research Facilities 


Research on the crop 1s undertaken ae 
three regional experimental stations (Wad 
Medani, Abu Naama, and Kadugli) and two 
outreach field stations (Samsam and Agadi). 
Research on irrigated soybeans is done at 
Wad Medani and Abu Naama, the rest of the 
research is on rain-fed soybeans. 

Research facilities are lacking, ses— 
pecially laboratory equipment and plot-size 
machines (planters, drills, harvestersmeand 
threshers). The technical manpower working 
on soybeans consists of a full-time agrono- 
mist with a Ph.D. working at Wad Medani, an 
agronomist with a Ph.D. working on oil crops 
at Abu Naama, and an agronomist with a Ph.D. 
working on a number of food and oil crops 
at Kadugli. In addition, a pathologist with 
a Ph.D. at Wad Medani, with a heavy commit- 
ment to pathology work on other crops, is 
carrying out disease surveys, seed viability 
tests, and seed dressing trials. Agpoeag er 
at Wad Medani is screening herbicides for 
chemical weed control. An entomologist with 
a Ph.D. at Wad Medani is cooperating with 
the soybean program insect surveys, giving 
advice on control measures. He has also 
initiated a program on the identification 
of pests and their damage. 

For the coming ten years, the following 
training is suggested for the soybean devel- 
opment program. 

1..-One microbiologist with a Ph aps 

2+. Iwo agronomists with Ph.D.’ seta 

develop a soybean program under 
rain-fed conditions. 


One pathologist with a Ph.D. to work 
on bacterial pustule disease and 
seed viability. 

One agricultural engineer with an 
M.Sc. 

Two plant breeders (Ph.D.), one for 
irrigated and the other for rain-fed 
soybeans. 

The training of 8 to 10 technicians 
at international research centers 
for 4 to 6 months. 
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Table 3. The Effect of Sowing Date on Grain Yield of Soybeans at Wad Medani and 


Abu Naama 


Abu Naama (1977-78) 


Sowing date Grain yield” 


Wad Medani (1978-79) 


Sowing date Grain yield” 


kilograms per hectare 


seins IE: Ip OCAS: 
June 30 762 
July aes) 462 
July 30 362 
August 15 ZG 


kilograms per hectare 


May 8 O13 
May 22 Aer Jes 
VUnews Ley 2 
June Lo 681 
July. 3 705 
July 17 486 
July eal 894 
August 14 678 


* Average of two varieties (Semmes and Davis) and four plant spacings 


Ge TOL WS, hae! HO) ein), 


**average of two varieties (Semmes and Williams). 


Table 4a. The Effect of Row Spacing on Grain Yield of 
Williams Soybeans, Wad Medani, 1978 


Row spacing (centimeters) 


Grain yield 
(kilograms per heetare) 


20 
40 
60 
80 
eee 


1485 
iad 
V7 54 
1,284 

ie 88 


Table 4b. The Effect of Plant Spacing on the Grain Yield of 
Soybeans, Abu Naama, Po77=78* 


Plant spacing (centimeters) 


Grain yield 


(kilograms per hectare) 


5 
10 
LS 
30 


864 
676 
569 
446 


*Average of two varieties (Semmes and Davis) and five 


sowing dates. 


Table’). i Yield of ‘Selected” Soybean Varieties at Wad Medani, 1973-74 to 1976-77 
Maturity 
Variety group 1973-74 1974-75 1975-76 1976-77 Mean 
kilograms per hectare 

Williams PEE 1,660 1,098 25216 1,148 1,546 
Semmes VII 15552 A Ge Oe 2200 1,140 1558 
Davis VI T,ooL 619 1,148 15032 1,045 
Imp. Pelican Wi JEL A S07 PS2 1,495 862 Hd! 
Coker-Hampton VIII e248 IL Sy 29) 900 1,249 
Calland i Wied 1 (033 Hse 6) 786 150535 
Hardee Word 1,164 1a Ss Wi 2,574 998 1,413 
Clark 63 IV 810 833 Les V50S1 O59 
Mean L283 1,003 1,682 987 1,240 


*Out of 16 varieties included in the INTSOY program. 


Table 2. 


Variety 


Hardee LS 
Jupiter 
UFV-1 
Caribe 
Cobb 
Williams 
Rillito 
IAC-2 
Ransom 
Bossier 
Orba 

Imp. Pelican 
Tunia 
SJ-2 

CH-3 
Kahala 

De Eee 


Wad Medani 
Clete eek 24 4) 


Grain yield 


kilograms per hectare 


+ 


2,714 
2,622 
oS ts 
2,439 
2,179 
2,101 
1,899 
1,894 
1,890 
1,861 
1,590 
1,550 
1,509 
1,231 
1,200 
Roles 
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Abu Naama 
(Lat talea4as } 


Variety 


UFV-1 
Caribe 
Cobb 


Tunia 


Gasoy 17 


Williams 


Ransom 


Rea eee, 


Hardee LS 


Jupiter 
Orba 
Bossier 


IAC-2 


Imp. Pelican 


SJ-2 
CH-3 
Silec 


I+ 


Grain Yield of 1978 INTSOY ISVEX Trials at Wad Medani and Abu Naama 


Grain yield 


1,093 
1,027 
1,010 
904 
814 
781 
773 
770 
766 


743. 


Lee 
689 
493 
487 
483 
356 
142 


kilograms per hectare 


li 
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Table 4c. The Effect of the Seed Rate on the Grain Yield 
of Williams Soybeans, Wad Medani, 1978 


Seed ‘rate Grain yield 
(kilograms per hectare) (kilograms per hectare) 
eae) 244 
47.6 361 
71.4 478 
G52 389 
119.0 aie 
142.8 528 
166.6 S17 
190.4 S11 
Sake + 44 


Table 5a. The Effect of Inoculant and Nitrogen Applications on Soybean Yield, 
Abu Naama 


Grain yield 


Levels of nitrogen (kilograms per hectare) 

(kilograms per hectare) Inoculation Os Loi ais) Mean 
None Not inoculated 245 790 518 

43 Not inoculated 367 i136 752 

86 Not inoculated ANS 2 J KS // 310 

None Inoculated 417 1,148 783 

43 Inoculated 488 1264 876 

86 Inoculated Bil 1,549 1,060 


Table 5b. The Effect of Rate and Form of Inoculum (NITRAGIN) on Soybean Yields, 
Wad Medani, 1978-79 


Granular form (soil applied) Powder form (seed applied) 


Rate Grain yield Rate Grain yield 
(kilograms per (kilograms per (grams per kilogram (kilograms per 
hectare) hectare) of seed) hectare) 

0 543 0 543 

20/8 896 2 843 
506 1,193 4 1s 018 

§ «34 1.154 6 1, 102 

il Dake, 1,248 8 850 
Control@ 1,439 Control 1,439 
Sie Sie sa) RRs So Ee * 90.6 


4Control equals no inoculation plus 129 kilograms of nitrogen per hectare. 


Irrigated Soybean Production in Turkey 


N. IZGIN AND N. ONDER 


TURKEY IS LOCATED BETWEEN 36°AND 42°N LATI- 
TUDE. Syria, Iraq, and the Mediterranean 
Sea border Turkey on the south; the Aegean Sea, 
Greece, and Bulgaria on the west; the Black 
Sea on the north; and Russia and Iran on 
the east. The country is quite mountainous 
with a typically Mediterranean rainfall 
pattern where rain falls between October 
and May while the period from June to 
September is very dry.. The, coastal areas 
are free of frost but have cool winters and 
hot summers. Annual rainfall in the coastal 
areas ranges from 500 millimeters in the 
south to over 1,000 millimeters in the 
north... The rest of the country generally 
receives less than 400 millimeters per year. 

Turkey's agriculture plays a dominant 
role in the nation's life and involves 65 to 
70 percent ‘of-the population... The popula- 
tion increases approximately 3 percent per 
year. This rapid population increase means 
that the available resources are used. 
Therefore, an increase in agricultural pro- 
duction, parallel to that of the population, 
is necessary. 

The country has a total area of 78.1 
million hectares. Approximately 35 percent 
is cultivated, 26 percent is grass and 
pasture, and the remaining 39 percent is 
forest or unproductive land. 

The area under cereal production (wheat, 
barley, maize, rice, and-so forth) is the 
farcest part tof thescultivatedyland:, In- 
Gustriallcrops.(cotton, sugar.beets; to- 
bacco, and so forth), oilseed crops (such 
as sunflower, poppy, soybean, safflower, 
cotton, sesame, and rape), and food legumes 
(for example, chickpeas and lentils) follow 
the cereal production area in importance. 

In recent years, Turkey has had a 
shortage in vegetable oil production of 
about 100,000 metric tons annually. Even 
though sunflowers are the most important 
oil crop in area and production, soybeans 
are one of the promising oil crops that 
may help to meet the domestic requirements. 

Soybeans are used mainly as an oil 
crop and as animal feed. Since 1940, soybeans 


have been grown under rain-fed conditions 
ina limited area along the east side of the 
Black Sea coast. However, there are cur- 
rently plans to introduce soybeans as a 
second crop following wheat in the southern 
coastal areas where irrigation facilities 
are available. 


PRODUCTION TECHNOLOGY 


Nationally, approximately 8,000 tons 
of soybeans are produced each year on 6,000 
hectares ofiland.eoTheraverage yield) istap= 
proximatelyi1.3 tons perehectare (Table 1)" 

The soybean production area has de- 
creased since 1969-70 with no increase in 
average annual yields because of the rela- 
tively low demand in domestic markets for 
the crop. Soybeans do not compete econom- 
ically with other crops. 

In. order to -reverserthisesituation and 
to-accelerate production, the»Ministry of 
Agriculture and CARE have emphasized the 
development of soybean production in the 
southern coastal areas. Through these ef- 
forts, 500 hectares of irrigated soybeans 
were planted by contracted farmers as a 
second crop in 978. and?2,000) hectares were 
planted in 1979. Production in 1980 was 
expected! toabes3;,0008hectares in 1978, the 
yield level was approximately 2 tons per 
hectare in this region. Amsoy 31 seed was 
provided by CARE for this program. 

Soybeans are mainly grown as an intercrop 
with maize on the west side of the Black Sea 
coasts 4 Cultural (practices rare, poors *Soil 
preparation starts in the spring. The disc 
harrow is the only tillage equipment used. 
Planting is done by hand in May at the rate 
of 60°to 70:kilograms per hectare. Clark 
and Lincoln are the commercial varieties 
grown, Even though the yield potential of 
Clark ts about SxS metricetons per hectare 
in this region, farmers get only 1.3 metric 
tons per hectare because of poor cultural 
practices. September is harvesttime in 
this? region: 


Wadir Izgin and Nazmi Onder are Agronomists, Regional Agricultural Research Institute, Ankara, 


Turkey. 
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Table 1. Hectares, Yield, and Production of 
Soybeans in Turkey 

Yueld Production 
Year Hectares (kg. /ha) (MT) 
1969 8,160 1.348 11,000 
1970 £1 000 LeOgt 12,000 
1971 7, 000 ibe es 11000 
IS 6,000 7 5 ee) 12,800 
LOTS 3,070 1.460 7,400 
1974 55000 2.429 8,500 
£975 6,200 1,.089 Couren 
1976 6,470 1 ..o00 8,470 
Lore 6, 000 1.500 8, 000 
1978 6,000 LTeoud 8, 000 


In the South, soybeans are a new crop 
and farmers are now learning good cultural 
practices: ~Soil)\ preparation patters tie 
wheat harvest must be done quickly to com- 
plete planting between June’15 and sJuner20; 
The moldboard plow and disc harrow are the 
tillage equipment used and a cotton drill 
is used for planting with 50 to 80 centi- 
meter row spacings. The recommended seeding 
rate is 40 to 50 kilograms per hectare. A 
fertilizer application of 60 to 80 kilograms 
of P20s per hectare and 40 to 60 kilograms 
of nitrogen per hectare is mixed with the 
soil before planting. Harvest starts during 
the second half of September. Wheat combines 
are used for harvesting. Amsoy 71) 1s the 
only commercial variety grown because of its 
early maturity (95 days) and resistance to 
white flies, which are the most harmful in- 
SECESHINSENearegion. 

No dependable research data are avail- 
able on irrigation methods, water require- 
ments, and frequency of application for maxi- 
mizing soybean yields in the southern region. 
The farstirrigation startsjusteatter 
planting for proper germination and stand. 
Two or three additional irrigations are 
applied during the vegetative period. 

Local Rhizobium inoculum is available in 
Turkey. Effective Rhtzobtum japonicum 
strains have been isolated and increased by 
the Soil and Fertilizer Research Institute 
in Ankara. Out of 59 local and 31 imported 
strains, 8 strains have been found to be 
effective in Turkey through greenhouse and 
field experiments. The Institute distri- 
butes about 1,000 kilograms of inoculum 
annually. Application is accomplished by 
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mixing 100 grams of the culture with 6 to 7 
kilograms of seed at planting. 

The agricultural research instieuces 
and state farms are responsible for seed 
production in Turkey. The state farms re- 
ceive basic seed from the research insti- 
tutes. This basic seed is then used to pro- 
duce certified séed on the statéestarm or uy 
farmers under contract. Farmers then obtain 
their seed supply from the state farms. 

For soybeans, this seed production 
chain is not yet established. At present, 
the Ministry of Agriculture is trying to 
start an effective seed-production program 
for the Amsoy 71 and Clark cultivars. 


ORGANIZATION 


A national research program called the 
Second Crop Research Project was initiated 
in 1978 under the Ministry of Agriculture. 
Three research institutes along the south 
coast are™involved*in’ this “proj 6ctw me 
main objectives are to develop maize, sor- 
ghum, sunflower, rice, and soybean cultivars 
as a second crop after wheat and to set up 
a package of cultural practices for the re- 
gion. 

The three institutes that are respons 7 
ble for carrying out the soybean development 
program have adequate field and laboratory 
facilities. However, a lack of manpower 
specifically trained in soybean research is 
a major problem. Two soybean scientists 
with M.Sc. degrees and a project leader with 
a Ph.D will be necessary for each institute 
in the futune:, 


Constraints to Effective 
Irrigated Soybean Production 


TT 


Crop Production Constraints to 
Effective Irrigated Soybean Production’ 


CRITICAL CONSTRAINTS 


Short Term 


NATIONAL INTERVENTION 


Develop country programs to screen, select, and maintain locally adapted varieties from 
segregated populations. 


Improve seed production technology so that genetically pure seed with high germination 
can be provided to the farmer. 


Develop management techniques to promote higher germination, more rapid emergence, and 
faster early plant growth under adequate irrigation. 


NATIONAL AND INTERNATIONAL INTERVENTION 


Develop improved soil and crop management practices for increased emergence and higher 
plant population under conditions of high temperatures, low humidity, and low soil moisture. 


Obtain information on the interaction between nitrogen fixation by Rhtzobtum and plant 
use of other major nutrients. 


Train research and extension officers in crop management and irrigation management 
techniques for irrigated soybean production. 


Develop an improved communications system including publications for the international 
exchange of research information. 


INTERNATIONAL INTERVENTION 


Need a broad germplasm base to develop segregated soybean plant populations for the 
special conditions found in arid and semiarid regions, such as: high temperatures and low 
humidity; tolerance to saline, alkaline, and high pH soils and water; inadequate germination 
because of hot, frequently dry soils; and a tolerance to high and fluctuating water tables. 


Develop short-season or early maturing varieties suitable for intense crop rotations 
and for double cropping after crops such as wheat and cotton. 


ee ee ee eee SS 
Ipuring the conference each participant was asked to serve on one of four working committees 


to identify constraints to effective irrigated soybean production. The committees were 
asked to designate constraints in crop production, plant protection, irrigation water man- 
agement, and problems of policy. The committee members accepted their assignments with 
enthusiasm and discussed the issues vigorously. The committees were asked to submit a list 
of constraints and recommendations for action to remove them. These reports were presented 
to the conference. 
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Medium Term 


NATIONAL INTERVENTION 


Improve management practices for time of planting, rate of seeding, and depth of plant- 
ing. 


Develop inoculant production within countries. 

Obtain information on the optimum economic level for foliar fertilizers. 
NATIONAL AND INTERNATIONAL INTERVENTION 

Improve harvesting techniques and machinery for small farms. 

Improve granular carriers for Rhtzobium. 


Obtain information on types of rhizobia bacteria that will fix nitrogen even when 
nitrogen tertilizer 1seapplied: 


Improve management practices for producing soybeans under a restricted irrigation water 
supply. 


Develop systems for minimum or no-tillage production of irrigated soybeans. 
INTERNATIONAL INTERVENTION 

Develop threshing machines for small farms. 

Improve Rhtgzobtum strains and maintain stocks of improved cultures. 


Obtain information on the residual effect of applied pesticides on the soybean crop. 
IMPORTANT CONSTRAINTS 
Short Term 


NATIONAL INTERVENTION 


Develop a system for identifying the most important problems and constraints and for 
initiating and carrying through research on the critical soil, crop, and irrigation manage- 
ment problems of irrigated soybean production. 


Improve cropping rotations with soybeans or identify the optimal place for soybeans 
within present rotations. 


Improve management practices for the production of soybeans under an adequate irrigation 
water supply. 


Improve the system to communicate research results and problems between research and 
extension officers. 


Improve drainage management of irrigated soils. 


Improve systems for introducing improved varieties and irrigation management techniques 
to farmers. 


Improve seed-production management practices to reduce the amount of green and shriveled 
seed produced in irrigated areas under high temperatures. 


Develop varieties tolerant of short periods of low moisture supply because of restricted 
irrigation water or the low water-holding capacity of sandy soils. 
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Develop soybean varieties suitable for intercropping with other row crops. 


NATIONAL AND INTERNATIONAL INTERVENTION 


Improve seedbed preparation techniques in order to improve germination, emergence, and 
early plant growth. 


Improve management techniques to reduce the amount of time needed for soil preparation 


and for planting in intensified cropping systems, as, for example, soybeans after wheat or 
cotton. 


Improve management techniques to reduce flower and pod abortion from high temperatures. 


Identify strains of Rhtzobtwm that are tolerant to periodic soil stresses from low 
moisture, high temperatures, and salinity. 


Improve methods of establishing and maintaining Rhizobtum populations in the soil, 
especially under the stresses of high temperatures and low moisture. 


Develop systems to increase the effectiveness of applied inoculants through improved 
carriers, better methods of application, superior strains of rhizobia, and optimum popula- 
hions of bacteria. 


Medium Term 


NATIONAL AND INTERNATIONAL INTERVENTION 


Improve soil and water practices to avoid infiltration and drainage problems in heavy 
clay and sodic soils. 


Obtain knowledge of the economic production system of soybeans under irrigation both 


where there are restricted and nonrestricted resources of credit, labor, inputs, and so 
forth. 


INFORMATION NEEDED TO REMOVE CONSTRAINTS 
Short Term 


NATIONAL INTERVENTION 


Conduct market surveys to determine the preferences of consumers for soybeans of dif- 
terent sizes. 


INTERNATIONAL INTERVENTION 


Develop varieties with smaller seed. 
Medium Term 


NATIONAL AND INTERNATIONAL INTERVENTION 


Develop varieties and crop management practices suitable for production using supple- 
mental irrigation where there is an inadequate amount of rainfall. 


Develop and introduce improved techniques and methods for leveling land to be irrigated 
and maintaining land in a level condition over several cropping seasons. 


Evaluate the economic relationship between the application of nitrogen, phosphorus, 
potassium, and micronutrient fertilizers with various levels of irrigation. 
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Develop varieties suitable for specialized production such as small farmer, mechanized, 
and relay cropping systems. 


Develop high yielding soybean varieties capable of nodulating and fixing nitrogen for 
high-altitude irrigated production areas. 


Plant Protection Constraints to Effective 
Irrigated Soybean Production 


SHORT TERM 


National Intervention 


Develop methods for controlling weeds, either by cultivation or by chemical herbicides. 


AUSTRALIA ETHIOPIA MEXICO 
Johnson grass Galinsoga sp. Cyperus sp. 
Barnyard grass—Echtnochloa sp. Xanthtum sp. Physalts sp. 
Sesbanta sp. Amaranthus sp. Leptochtloa sp. 
Abetmaschus sp. Commeltna sp. 


Phyltanthus sp. 


(This listing of weeds was made according to countries and geographical areas in 
general. Any single insect, disease, or weed problem could become the most important con- 
straint in a particular country.) 


Lack of knowledge about how to control insects and mites. 


AUSTRALIA BANGLADESH 
Stem borer--Zygrtta diva Lear roller 
Sucking bugs--Nezgara sp. Hairy caterpillar 
Ptezodorus sp. Aphids 
Riptortus sp. Meal moth 
EGYPT MEXICO 
Cotton leaf worm--Spodoptera sp. Salt marsh caterpillar 
Spider mites--Tetranychus sp. Caltothrips sp. 
Velvet band caterpillar--Anttcarsta Crickets 
sp. 
Cotton boll worm--Heltothis sp. UNITED STATES 
SUDAN Spider mites--Tetranychus sp. 


Cotton leaf worm--Spodoptera sp. 
Cotton boll worm--Heltothts sp. 
Blister beetle--Eptcauta sp. 


(This listing of insects and mites was made according to countries and geographical 
areas in general. Any single insect, disease, or weed problem could become the most impor- 
tant constraint in a particular country.) 
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Develop knowledge about how to control diseases and viruses. 


AUSTRALIA BANGLADESH 
Seedling diseases Anthracnose--Colletotrtchum sp. 
Bacterial pustule--Xanthomonas campestris, 
ETHIOPIA Xanthomonal phaseoli var. sojen 
Root rots 
Bacterial blight--Pseudomonas Yellow mosaic 
glyctnea 
SRI LANKA 
SUDAN 


Yellow mosaic 
Bacterial pustule--Xanthemonas 
campestris 


(This listing of diseases and viruses was made according to countries and geographical 
areas in general. Any single insect, disease, or weed problem could become the most impor- 
tant constraint in a particular country.) 


Develop information on controlling vertebrates (rodents and birds) attacking soybeans 
ine the, field. 


Develop information on controlling rodents attacking soybean grain in storage. 
National and International Intervention 

Improve cultural methods for controlling weeds in irrigated soybeans. 

Develop knowledge of all soybean germplasm screened for insect resistance. 
International Intervention 

Obtain information on the proper timing of applications of herbicides for weed control. 

Develop segregated soybean populations resistant to leaf-feeding insects. 

Develop segregated soybean populations resistant to insects. 


Develop segregated soybean populations resistant to viruses. 
MEDIUM TERM 


National and International Intervention 


Survey producers to determine the economic threshold of losses from all pests of soy- 
beans including insects, diseases, weeds, and vertebrates. 


International Intervention 


Identify alternatives to chemical insecticides for controlling major insect pests of 
irrigated soybeans. 


Obtain knowledge of the physiology of soybean plant resistance to insect attack. 
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Irrigation Water Management Constraints 
to Effective Soybean Production 


SHORT TERM 


National Intervention 


Need identified equipment for land preparation, planting, harvesting, and irrigating to 
meet critical time requirements of high intensity cropping. 


Obtain knowledge about level basin water management. 


International Intervention 


Determine the time of day for the most effective application of irrigation water in- 
cluding peak water-demand periods, thermal stress, and wilting point. 


MEDIUM TERM 
National Intervention 
Proper land levelling and grading for uniform water distribution. 


Land levelling for soybeans grown in rotation with rice. 


Improve scheduling of irrigation to maximize total farm production and production per 
unit of water. 


Improper bedding and spacing between and within rows reduces plant stands, water-use 
efficiency, and yield. 


Develop crop rotations and multiple cropping systems to maximize production, water-use 
efficiency, and economic return. 


National and International Intervention 
Learn about the effect of depth of water table on soybean growth and yield. 


Learn about drainage requirements and the relationship of drainage to the aeration re- 
quirements of soybean plants. 


Improve methods for drainage in relation to the control and prevention of salinity. 


Learn about the effect of surface ponding of water on soybean growth yield. 
LONG TERM 


National Intervention 


Obtain quantitative hydrology (groundwater, surface water, and precipitation) infor- 
mation in terms of quantity and quality of water available on a local and national basis. 


Develop standardized minimum data including climate, soil, plant growth stages, and 
agronomic factors in order to generate crop yield and water use models. 


Obtain information about the available water in the root zone in order to develop crop 
yield and water use models. 
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Develop equipment to meet critical time requirements of high-intensity cropping sys- 
tems for land preparation, planting, harvesting, and irrigation. 


Train research and extension officers in irrigation water management. 
National and International Intervention 

Improve design and construction criteria for water-distribution systems. 

Improve systems for the operation and management of water distribution. 


Integrate and coordinate systems of water distribution and systems for on-farm water 
management. 


International Intervention 


Develop quantitative hydrologic (groundwater, surface water, and precipitation) in- 
formation on a regional basis in terms of the quantity and quality of available water. 


Improve the definition of the relationship between soybeans and salinity including 
plant physiological mechanisms, quantitative prediction of the effects of salinity, and the 


application of this information to crop management and plant breeding for tolerance to 
salinity. 


Policy Constraints in Effective 
Irrigated Soybean Production 


SHORT TERM 


National Intervention 
Improve operating procedures for irrigation water distribution systems, including 
closer coordination between water distribution and on-farm water management. 


Initiate an adequate soybean crop purchasing system and set a guaranteed price for 
soybeans high enough for the farmer to receive a favorable net profit in order to encourage 
an increase in production. 


MEDIUM TERM 


National Intervention 


Formulate an irrigation water-distribution policy that leads to more efficient water 
use and higher crop production per unit of applied water. 


Improve input (credit, fertilizer, machinery, pesticides, seed, and so forth) supply 
system so that farmers have adequate incentives to initiate and increase soybean production. 


LONG TERM 
National Intervention 


Improve water distribution and drainage plans to more uniformly allocate irrigation 
water, to prevent waterlogging and salinity, and to ensure adequate drainage. 
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Conference Summary 


Irrigated Soybean Production in Arid and Semi-Arid Regions: 
Conference Summary 


W.N. THOMPSON 


A BETTER LABEL FOR MY COMMENTS would be ''Some 
Comments Near the End of the Conference." To 
briefly summarize the presentations and de- 
liberations of the conference would be impos- 
sible; furthermore, it would be redundant and 
I would seem quite arrogant to pretend that I 
could summarize a week's deliberations within 
a few minutes. 

The keynote speaker properly set the 
theme of the conference within a broad frame- 
work, stressing the significance of factors 
in addition to those directly affecting soy- 
bean production. He pointedup the importance 
of three sets of factors—marketing, biologi- 
cal aspects, and development—for the suc- 
cessful introduction and establishment of a 
new crop such as soybeans. The papers, dis- 
cussions, working sessions, and information 
about individual country experiences confirmed 
the importance of considering irrigated soy- 
bean production as a part of the broader pic- 
CUE: 

Although each set of factors is important 
and there are many interrelationships, Dr. 
Knowles rightfully placedmarket factors first 
in his outline. Neither governments nor 
farmers can be interested for very long in 
producing a product without the incentive of 
a good market and adequate prices realized 
through participation in such a market. 

The importance of having a suitable mar- 
ket as well as the functions of the marketing 
process being carried out effectively have 
Hecieillustrated in ithe,country. reports, as 
well as in severalof the papers. Dr. Knowles 
pointed out that consideration must be given 
to the marketing of both the oil and the pro- 
tein component of soybeans. The matter is 
not a simple one because soybeans can be used 
in many ways—livestock feed, cooking oil, 
processed vegetable fats, processed protein 
foods, soybean milk, industrial uses, and so 
on. Then, there is the question of use with- 
in the country of production or of export to 
deficit areas. 

Soybeans have become the dominant crop 
in world commerce as the supplier of vegetable 


oil and of protein. International marketing 
is extremently competitive. In general, a 
country that is initiating soybean production 
will want to give first priority to fulfilling 
its domestic needs for vegetable oil and pro- 
tein for use as human food and animal feed. 
Other crops will serve as sources of these 
food components, too, so achieving a balanced 
supply of the various components from differ- 
ent sources must be considered. 

The developmental factors, that is, or- 
ganizational and institutional considerations, 
are usually the most serious constraints on 
the expanded production of food and fiber 
generally, on the production and marketing 
of grain legumes and oilseeds, and on research 
and extension efforts designed to undergird 
production and marketing efforts. Let me 
give you some illustrations. A committment 
to agricultural development generally as well 
as to the introduction or significant expan- 
sion of a new crop is imperative for expanded 
production. Research continuity must be pro- 
vided, both in terms of organizations and in- 
dividual scientists. The research must be 
directly relevant to the problems of the farmer 
or, in the case of marketing, to those in- 
volved in that process. Extension education 
programs are necessary in order to provide 
the required link between the farmer and those 
who carry out the marketing functions. Per- 
sonnel for all aspects of the agricultural 
development process need to be educated and 
trained. Other requirements include the 
availability of inputs and incentives for 
farmers to produce. These are only examples 
of the factors that must be attended to if 
success is to be achieved with an individual 
crop or ina general agricultural development. 

The primary focus of this conference has 
been on the biological and closely associated 
production factors. A number of countries 
have taken steps to relieve those constraints 
to the expanded production of soybeans. The 
basic factors are the same for rain-fed or 
for irrigated production. However, produc- 
tion under irrigation conditions requires 


William N. Thompson is Director, INTSOY, and Associate Dean, College of Agriculture, Univer- 


sity of Illinois at Urbana-Champaign, USA. 
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special attention. Information presented here 
has shown clearly that soybeans can be grown 
under many of the physical and biological con- 
ditions of arid and semiarid regions using 
technology we already have. Soybeans can be 
grown not only under experimental conditions, 
but also commercially.” The “experiences cf.a 
number of countries bear this out. Examples 
include Egypt, Mexico, Colombia, Sri Lanka, 
and the United States (particularly in such 
states as California and Kansas). The con- 
ference has shown that a large body of know- 
ledge is available concerning the production 
of soybeans under irrigated conditions. One 
of the speakers made the point that there is "a 
lot: ‘of “irrigation ‘technologyon the shelr.™ 
Some of this technology was developed specif- 
ically for soybeans; but there is a much larger 
body of knowledge and technology available 
for other crops, some of which could be trans- 
ferred rather directly to the soybean crop. 

The Organizing Committee and Program 
Advisory Committee are to be commended for 
developing a program with an effective com- 
bination of invited papers, country reports. 
contributed papers, and working committee 
sessions to identify constraints and problems 
in soybean production under irrigation. The 
invited papers contained both depth and breadth 
in research results on the production of soy- 
beans under arid and semiarid conditions. The 
country reports provided an excellent review 
of experiences with soybean production gener- 
ally, with a special emphasis on experiences 
relating to production under irrigation. The 
country-report format provided by the Organ- 
izing Committee was useful in encouraging 
the authors to focus attention on common 
points, thereby making possible comparisons 
across country lines. The question and dis- 
cussion periods generated interchange among 
participants. Of the many conferences and 
workshops in which I have participated, this 
one has been the best in terms of a serious, 
yet informal and friendly, exchange of ideas. 

The working committee sessions supple- 
mented the invited papers in focusing on re- 
search necds and pricrities.. Iheutield trip 
provided the opportunity to visit a farm as 
well as Menoufeia University and its soybean 
experiments. These experiments clearly show 
the tremendous potential for soybean produc- 
tion. At the same time, the farm visit 
pointed up the realities of farm production 
and family living under the harsh environ- 
ment of arid agriculture. 

This conference has been a timely one. 
The amount of rain-fed land for soybean 
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production properly located with respect to 
markets is limited. In the future, there 
will be an increasing interest in producing 
soybeans under irrigated conditions. The 
limitations of water and energy and of other 
costs required to get the water to themcrap 
when needed require greater attention to 
making the production process efficient and 
profitable for the farmer. This conference 
has made an important contribution to that 
by assembling the information now available 
as well as by identifying research and edu-. 
cational priorities for the future: 

A successful soybean industry requires 
a suitable continuity of research efforts. 
This is demonstratéd by experience in the 
United States. Intensive’ research Nas been 
conducted there for more than 40 years. The 
research needs continue. In 1979, mere Urs. 
land is in soybeans than in any other crop. 

In general, crop expansion demands 
greater adaptive research efforts as well as 
more intensity of effort in getting research 
results to the farmer and marketer. One of 
the speakers emphasized the need for research 
planning and design onan international scale. 
The logic of this point is self-evident...) .o- 
operation in research and improved communica- 
tion are needed. There are tremendous poten- 
tials in drawing on the research results of 
others and learning from both research infor- 
mation and farm experience under similar and 
different environments, I am*contident tic 
this conference has made a contribution to 
tiat iced. 

A major item in the success of the con- 
ference has been the hospitality of our Egyp- 
tian hosts, whichhas permeated the atmosphere 
at all times. The friendliness and cordial- 
ity added to the informality and interaction 
among participants. The professional and 
personal friendships made here are certain 
to lead to enduring exchanges of ideas among 
those interested in’ furthering the produceron 
marketing, and use of soybeans. 

In closing, I express INTSOY'S appreci- 
ation to the many who have contributed to 
the success of this conference. Specialemen- 
tion “should be made” of the joint *spomsare: 
the Egyptian Ministry of Agriculture and 
Menoufeia University, as well as the support 
of the Food and Agriculture Organization of 
the United Nations and the U.S. Avency sic: 
International Development. Finally, thanks 
are due to the members of the Organizing 
Committee for planning and carrying out the 
many details required for such a conference 
so effectively. 
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